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^-© A renin inhibiting compound of the formula: 




Q. 
LU 

wherein X is N, O or CH; Ri is absent or a functional group; A and L are independently selected from 
absent, C = 0, S0 2 and CH 2 ; D is C = 0, S0 2 or CH 2 ; Y is N or CH; R 2 is hydrogen, loweralkyl or 



Xerox Copy Centre 



EP 0 365 992 A1 



substituted alkyl; Z is a functional group; R 3 is loweralkyl or substituted alkyl; n is 0 or 1; and T is a mimic 
of the Leu-Val cl avage sit of angiotensinogen; or a pharmaceutical^ acceptable salt, ester or 'prodrug 
thereof. 
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HETEROCYCLIC PEPTIDE RENIN INHIBITORS 



Technical Field 

The present invention relates to novel compounds and compositions which inhibit renin, processes for 
making such compounds, synthetic intermediates employed in these processes, and a method of treating 
hypertension or congestive heart failure with such compounds or in combination with another antihyperten- 
sive agent. The present invention also relates to compositions and a method for treating glaucoma with 
such compounds and a method of inhibiting retroviral proteases and treating a retroviral infection with such 
compounds. 



Background Art 

Renin is a proteolytic enzyme synthesized and stored principally in a specific part of the kidney called 
the juxtaglomerular apparatus. Any of three different physiologic circumstances may cause the release of 
renin into the circulation: (a) a decrease in the blood pressure entering or within the kidney itself; (b) a 
decrease in the blood volume in the body; or (c) a fall in the concentration of sodium in the distal tubules of 
the kidney. 

When renin is released into the blood from the kidney, the renin-angiotensin system is activated, 
leading to vasoconstriction and conservation of sodium, both of which result in increased biood pressure. 
The renin acts on a circulating protein, angiotensinogen, to cleave out a fragment called angiotensin I (AI). 
AI itself has only slight pharmacologic activity but. after additional cleavage by a second enzyme, 
angiotensin converting enzyme (ACE), forms the potent molecule angiotensin II (All). The major pharmaco- 
logical effects of All are vasoconstriction and stimulation of the adrenal cortex to release aldosterone, a 
hormone which causes sodium retention. Sodium retention causes blood volume to increase, which leads to 
hypertension. All is cleaved by an aminopeptidase to form angiotensin III (Alii), which, compared to All, is a 
less potent vasoconstrictor but a more potent inducer of aldosterone release. 

Angiotensinogen. the natural substrate for human renin has the following amino acid sequence. 

H 2 N-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Val-Ile-His-Protein 
1 2 3 4 5 6 7 8 9 10 11 12 13 

(Angiotensinogen) 



RENIN 



H 2 N-Asp-Arg-Val-Ty r-I le-His -P ro-Phe-His-Leu-OH (AI ) 

Renin cleaves angiotensingogen at the amide bond between amino acid residues 10 and 11 to give 
angiotensin I (AI). 

Compounds which are inhibitors of renin generally comprise two parts. One part of the compound 
mimics the first 9 amino acid residues of angiotensinogen. The other part mimics the Leu-Val cleavage site 
of angiotensinogen and is designed to be non-cleavable by resin. When these two parts are combined in 
one compound, the compound binds to renin but is not cleaved. Thus, renin is inhibited from acting on its 
natural substrate angiotensinogen. 

Inhibitors of renin have been sought as agents for control of hypertension and as diagnostic agents for 
identification of cases of hypertension due to renin excess. 

With th se objectives in mind, the renin-angiotensin system has been modulated or manipulated, in the 
part with ACE inhibitors. However, ACE acts on several substrates other than angiotensin I (AI), most 
notably the kinins which cause such undesirable side effects as pain, "leaky" capillaires. prostaglandin 
release and a variety of behavorial and neurologic effects. Further, ACE inhibition leads to the accumulation 
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of Al. Although Al has much less vasoconstrictor activity than All. its presence may negate some of the 
hypotensive effects of the blockade of All synthesis. Mra i a *i« 
Inhibition of other targets in the renin-angiotensin system such as AM with compounds ; such as saralasm 
can block All activity, but would leave unimpair d and perhaps enhance the hypertensive effects of AMI. 

ST£ TotS hand there are no known side effects which result when renin is inhibited from actmg on 
its 2£*5S5m** research efforts have thus been carried out to develop useful Inhibitors of renin 
Jasuelearch Vfforts have been directed to renin antibodies, pepstatin. phospholipids and substrate analogs 
sS, TSiSSL and octapeptides to tridecapeptides. These inhibitors either demonstrate 
n inhibiting renin production or poor specificity for inhibiting renin ^'^^\^Z^ >XTS! 
that statine-containing peptides possess potent and specific renin-inh,b.t.ng activUy (Nature, Vol. 303 p. 81 
1 983). in addition. Szelke and co-workers have described polypeptide analogs conta,n.ng a non-pept de ink 
(Ere. Vol. 299. p. 555. 1982) which also cause potent renin inhibition and show a h.gh specificity to Us 
UmTe. Recent patents have disclosed novel small peptide renin inhibitors wh.ch contain- novel d^ptide 
isosteres as transition state analogs (Szelke. et al.. U.S. Patent No. 4,609.643; Boger. e _aL. U.S. Patent . m. 
4.668.770: Baran. et al., U.S. Patent No. 4,657,931; Matsueda, et al., U.S. Patent No. 4.548,926, Luly, et al.. 
U S Patent No 4 645.759; and Luly. et al.. U.S. Patent No. 4.680.284). 

' The following references disclose peptide renin inhibitors which incorporate hydroxyl. substituted am.de 
and heterocyclic derivatives of statine and statine analogs: 
Luly et al., U.S. Patent No. 4.845.079, issued July 4. 1989; 
Fung, et al., PCT Patent Application No. WO88/05050. published July 14. 1988: 
Luly. et al.. U.S. Patent No. 4,725,584, issued February 16, 1988; 
Luly". et al., U.S. Patent No. 4,680.284. issued July 14, 1987; 
Rosenberg, et al., U.S. Patent No. 4.837,204, issued June 6, 1989; 
Baran, et al.. U.S. Patent No. 4.657,931. issued April 14. 1987; 
Matsueda, et al.. U.S. Patent No. 4,548.926, issued October 22. 1985; 
Morisawa, et al.. European Patent Application No. 0228192. published July 8. 1987; 
Ten Brink. PCT Patent Application No. WO87/02986. published May 21, 1987; 
Buhlmayer. et al.. U.S. Patent No. 4.727,060, issued February 23. 1988; 
Buhlmayer. et al.. U.S. Patent No. 4.758,584. issued July 19, 1988; 
Szelke. et al., U.S. Patent No. 4,713,445, issued December 15, 1987; 
Raddatz, et al., U.S. Patent No. 4,755.592. issued July 5, 1 988: 

Raddatz. et al.. Australian Patent Application No. AU 76222/87. published February 4, 1988; 
Ryono. et al., European Patent Application No. EP 0231919, published August 12, 1987; 
Hanson, Biochem. Biophys. Res. Commun. 132 155 (1985); 
Luly, European Patent Application No. EP01 89203, published July 30. 1986; 
Hanson et al., European Patent Application No. EP0310070. published April 5, 1989: 
Hanson, et al., European Patent Application No. EP0310071, published April 5. 1989; 
Hanson, et al.. European Patent Application No. EP0310072. published April 5. 1989; 
Hanson, et al.. European Patent Application No. EP0310073. published April 5. 1989; and 
Gante. et al., German Patent Application No. DE3721 855. published September 22. 1 988 

Thaisrivongs, U.S. Patent No. 4,705.846. issued November 10. 1987, discloses peptide renin inh.b.tors 
incorporating a 5- or 6-membered lactam. _ . 

Schostoez, et al., PCT Patent Application No. WO88/02374, published April 7. 1988, d.scloses pept.de 
renin inhibitors incorporating a lactam. iqqt hjch^pcs 

45 Thaisrivongs, PCT Patent Application No. WO87/05302, published September 11, 1987, d.scloses 
peptide renin inhibitors incorporating a lactam. . , iK . M 

Szelke, et al., U.S. Patent No. 4,713,445, issued December 15. 1987, discloses peptide renin inhibitors 

No. 4,782.043. issued November 1, 1988, discloses cyclic peptide renin 
so inhibitors in combination with other antihypertensive agents. klwWa irt 

Boger, et al., U.S. Patent No. 4.812,442, issued March 14, 1989, discloses tnpept.de renin inhibitors .n 
combination with other antihypertensive agents. 

Watkins, PCT Patent Application No. WO87/02581, published May 7,1987, d.scloses the use of renin 
inhibitors for the treatment of glaucoma. , . ,, n 1QQQ H!e Hncttc remin 

55 Stein, et al., European Patent Application No. EP0311012. published April 12. 1989. d.scloses renin 
inhibitors having a diol substituent which are anti-glaucoma agents. 

Peptidyl inhibitors of HIV protease are disclosed by Moore. Biochem. Biophys. Res. Commun., 159 420 
(1989); Billich, J. Biol. Chem., 263 1790S (1988); and Richards. FEBS Lett., 247 113 (1989). 
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Disclosure of the Invention 

in accordance with the present invention, there are renin inhibiting compounds of th formula: 

Z B 2 



w 



/ 

(CH 2 ) 



' 0 
\ 



15 



20 



or a pharmaceutically acceptable salt, ester or prodrug thereof. 
Xis 

(I) N. 

(II) O or 

(III) CH. 
Ri is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl. 

(V) heterocyclic, or 

(VI) R 6 -Q- wherein 
1) Re is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino, 

v) (alkoxyalkyl)(afkyl)amino, 

vi) (alkoxyalkoxyaIkyl)(alkyl)amino, 

vii) aryl, 

viii) arylalkyl, 
jx) aminoalkyl, 

x) (N-protected)aminoalkyl, 

xi) alkoxy 

xii) substituted loweralkyl wherein the substituent is selected from alkoxy, thioalkoxy, halogen, 
40 alkylamino, (N-protected)(alkyl)amino and dialkylamino, 

xiii) 

I / 
(CH2)m 

wherein m is 1 to 5 and R 7 is hydrogen, hydroxy, alkoxy, thioalkoxy, alkoxyalkoxy. polyalkoxy. amino, (N- 
so P rotected)amino, alkylamino, (N-protected)<alkyl)amino or dialkylamino; or 
xiv) 



30 



35 



55 



\ / 



5 
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wherein R 8 is 0, S. S0 2 , 0 = C or R 9 N wherein R 9 is hydrogen, loweralkyl or an N-protecting group; 

2) Qis 

i) C = 0 or 

ii) CH 2 , with the proviso that X is N when Ri is an N-protectmg group; 
5 (VII) R 5 4S(0) 2 - wherein Rs* is 

1) amino, 

2) alkylamino, 

3) dialkylamino, 

4) loweralkyl, 
10 5) haloaikyl, 

6) aryl, 

7) p-biphenyi. 

8) heterocycnc or (VIII) (Rss)2P(0)- wherein R 5 s is 
1) alkoxy, 

15 2) alkylamino or 

3) dialkylamino. A and L are independently selected from 

(I) absent, 

(II) C = 0. 
(HI) S0 2 and 

20 (IV) CH 2 . 
D is 

(I) C = 0, 

(II) S0 2 or 

(III) CH 2 . 
25 Y is 

(I) N or 

(II) CH. 
R2 is 

(I) hydrogen, 
30 (II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CH 2 -Rio-(CH 2 )q-Rn wherein 

1) q is 0, 1 or 2, 

2) Rio is absent or Rio is 0, NH or S only when q is 1 or 2, and 
35 3) Rt 1 is 

i) aryl or 

ii) heterocyclic. Z is 

(I) hydrogen or 

(II) -R 2 8C(0)R 2 9, -R 2 8S(0) 2 R23 or -R 28 -C(S)R 2 9 wherein 
40 1) R28 is 

i) NH, 

ii) -N(R 2 oo)- wherein R200 is loweralkyl or benzyl or 

iii) CH 2 and 
2) R 29 is 

45 i) alkoxy, 

ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylamino, 

v) aryl or 

50 vi) heterocyclic. R3 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl, 

(IV) cycloalkylalkyl, 
55 (V) cycloalkenylalkyl, 

(VI) alkoxyalkyl. 

(VII) thioalkoxyalkyl, 
(Villi) (aJkoxyalkoxy)alkyl, 
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(IX) (polyalkoxy)alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic)alkyl. 
n is 0 or 1 



T is a mimic of the Leu-Val cleavage site of angiotensinogen. . , m . 

ThT term "mimic of the Leu-Val cleavage site of angiotensinogen" as used herein includes 




75 wherein FU is 

(I) loweralkyl, 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 
R 5 is 




wherein R 73 is loweralkyl, 

(ID 



35 




wherein 
40 i)Mis 

i) 0, 

ii) S or 

iii) NH; 

2) Q is 
45 i) 0 or 

ii) S; 

3) Els 

i) 0, 

ii) S, 

50 iii) CHRei wherein R 6 i is loweralkyl, 

iv) C = CH2 or 

v) NR18 wherein Rib is 

a) hydrogen. 

b) loweralkyl, 
55 c) hydroxyalkyl, 

d) hydroxy, 

e) alkoxy, 

f) amino or 
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g) alkylamino; 
and 

4) G is i) absent, 
ii) CH 2 or 

s iii) NR19 wherein R19 is hydrogen or loweralkyl, 

with the proviso that when G is NRi 9( then Rib is loweralkyl or hydroxyalkyl; 



(III) 



10 



-(CH 2 )yC(Q)— ^R 2 i 



;s wherein 

1) v is 0 or 1 and 

2) R 2 t is 

i) NH, 

ii) 0, 

20 ">) S or 

iv) S0 2 ; or (IV) a substituted methylene group. 
The term "mimic of the Leu-Val cleavage site of angiotensinogen" as used herein also includes the 
substituents (T) disclosed in the following references: 

Luly, et a!., U.S. Patent No. 4,645,759, issued February 24, 1987, which is hereby incorporated by 
25 reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

1' HO R , 

R5 R3 R9 



35 



wherein R*. Rs. Re, R7, Ra. R9 and X are as defined therein; 

Luly. et al.. U.S. Patent No. 4,652,551, issued March 24, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 



HO r, 



Re Ro Ra 



45 



wherein R*. R5. Rs. R7, Rs, R9 and X are as defined therein; 

Luly, et a!., U.S. Patent No. 4,680,284, issued July 14, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 



55 




wherein R3 is as defined therein; 
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Luly, et al.. U.S. Patent No. 4,725,584. issued February 16. 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH 




R, 



OH 



10 



wherein R 3 and R t are as defined therein; 

Luly. et al.. U.S. Patent No. 4.725.583, issued February 16, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



15 



H OH 



20 



25 



30 



wherein R3, R* and Rs are as defined therein; 

Rosenberg, et al., U.S. Patent No. 4.837.204. issued June 6. 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



OH »6 

«< Rs Ah 



35 



wherein FU, Rs. Re. R? and X are as defined therein; 

Luly, et al., U.S. Patent No. 4,845,079, issued July 4. 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 



H 



45 



wherein FU, Rs, Re. R?. Rs and R 9 are as defined therein; 

Sham, U.S. Patent No. 4,826,958. issued May 2, 1989. which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 



55 



OH O R 7 




l 

R 6 



wherein R*. Rs, Rs, Rr, R9 and X are as defined therein; 

Rosenberg et al.. U.S. Patent No. 4,857,507. issued August 15. 1989, which is hereby incorporated by 
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referenc . discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



"7 6 



io wherein R*. Rs, Re, R7, Rs. Rs and E are as defined therein; 

Luly. et al.. U.S. Patent No. 4,826,815, issued May 2, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



— rV- 

R 5 R 8 R9 

20 

wherein R*, R$. R6.R7.Rs. Rs and X are as defined therein; 

Bender, et al., U.S. Patent No. 4,818,748, issued April 4, 989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




wherein Ri, J, L, M and Q are as defined therein; 

Fuhrer, et al., U.S. Patent No. 4,613,676, issued September 23, 1986, which is hereby incorporated by 
35 reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 




wherein R 2 , R3, R*. Rs and Rs are as defined therein; 

Riniker, et al., U.S. Patent No. 4,595,677, issued June 17, 1986. which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 




55 wherein R2, R3 and R* are as defined ther in; 

Buhlmayer, et al., U.S. Patent No. 4,727,060, issued February 23, 1988, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



10 



EP 0 365 992 A1 




wherein Ffe. Ra. R*. Rs and R6 are as defined therein; 

BuWmayer, et al* U.S. Patent No. 4,758.584, issued July 19. 1988. which is hereby mcorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



75 




20 



25 



30 



wherein R? R 3 . R4, Rs and Rs are as defined therein; 

SzelS et au U S. Patent No. 4.609.643. issued September 2, 1986. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formu.a 
-A-B-Z-W 

wherein A B Z and W are as defined therein; 

S et a.. U S. Patent No. 4.650.661. issued March 17. 1987. which is hereby mcorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-A-B-Z-W 

wherein A B. Z and W are as defined therein; 

tZ « 5, OS. Patent No. 4.713.445, issued December 15. 1987. which is hereby mcorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-A-B-Z-W 

wherein A. B. Z and W are as defined therein; 

Izuka at «l ' U-S. Patent No. 4.656.269. issued April 7. 1987. which is hereby incorporated by reference, 
discloses mimics of the Leu,Val cleavage site of angiotensinogen having the formula 



35 



40 



toy, %r 



reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



50 



55 




!^ EE No- 4.729.985. issued March 8. 1988. which is hereby incorporated by 

reSeTe. discloses mimics of the Leu-Val cl avage site of angiotensinogen having the formula 



11 
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OH 




✓ R 3 
(W 2 ) m -N s 

R 4 



wherein Rt, R 2 , m, W 2 , R 3 and R* are as defined therein; 

Hoover. U.S. Patent No. 4,668,769, issued May 26. 1987, which is hereby incorporated by reference, 
,o discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



»5 



a ° 



20 wherein X and R2 are as defined therein; 

Hoover, et al. f U.S. Patent No. 4,814,342, issued March 21, 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



25 



IT J. 



J 



wherein X. W and Z 1 are as defined therein; 

Bindra, et al.. U.S. Patent No. 4,749,687, issued June 7, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



35 




wherein R1 , R2 and R3 are as defined therein; 

Hoover, et a!., U.S. Patent No. 4,814,342, issued March 21, 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




wherein X, W and Z y are as defined therein; 

Matsueda, et al., U.S. Patent No. 4,698,329, issued October 6, 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



55 




«3 
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T^f/Zl%i^Tltsm, issued October 22. 1986. which is h reby incorporated by 
2SS dtt Js mimfcs the cieavage site of angiotensinogen having the formuia 




10 t;Z B T^lT^T:V^. issued February 16. 1988. which is hereby incorporated by 
^ Tmimics of the Leu-Vai cieavage site of angiotensinogen hav.ng the formuia 




25 



3S mimics ot the Leu-Val clea»eg. sit. ol sn9iot.nsin.9en taving the Mm*. 




35 



40 



S^ ,, ^?8%^lT&^M«- November 6. 1984, which is hereby incorporated by 
2S^«12J. mtaSS Z Leu-Va. cieavage site of angiotensinogen having the formuia 
-Stetyli-Ala-Statyla-R' 

diStoe. mlnto of the Leu-Val M* site ot engiotenslnogen M«ng the tormuls 



45 



R 3 0 



R 4 - 



W HansJ! Si'JS ^r^S^M. 9. 1985. which is hereby incorporated by reference, 
diseases mimics of the Leu-Val cieavage site of angiotensinogen having the formula 



55 
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adamanty! 



10 wherein R 2 is as defined therein; 

Baran, et al., U.S. Patent No. 4.657,931, issued April 14, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 




R, O 



20 

wherein Ri , n and Rs are as defined therein; 

Hansen, et al., U.S. Patent No. 4,514,332, issued April 30. 1985, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

25 H OH OH 

30 

Natarajan, et al.. U.S. Patent No. 4,757,050, issued July 12, 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

OH R 2 0 R 9 

R 3 0 Ri 0 

40 

wherein Ri, R2, R3, q. Rs and Rio are as defined therein; 

Gordon. U.S. Patent No. 4,749,781, issued June 7, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

45 



so 




wherein R 1t R2, Ra and R9 are as defined therein; 

Ryono, et al., U.S. Patent No. 4,665,193, issu d May 12, 1987. which is hereby incorporated by reference, 
55 discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



14 



EP 0 365 992 A1 




wherein R,. R2, R3, R4 and A are as defined therein; 
Ryono et al.! U S. Patent No. 4.616,088. issued October 7. 1986. which is hereby incorporated by 
n reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



J5 



25 



30 



40 




wherein Ri . R2. Rs. R* and A are as defined therein; 
m Rvono et al. U.S. Patent No. 4.629.724. issued December 16, 1986. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the ,ormu,a 




«1 O R 



wherein Ri R2. R3. R4. R. R12 and A are as defined therein; 

Patel, U.S. Patent No. 4.820.691. issued April 11. 1989. which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



O 

35 NH 



'rV 



45 



50 



55 



wherein Ri and Ra are as defined therein; 

Ssrivongs. U.S. Patent No. 4.705.846. issued November 10. 1987. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-E1 o-Fu -Gi 2-H1 3-I1 «-Z 

wherein Em Fn.Qi2.Hi3.lt* and Z are as defined therein; 

Hudspetl f et al.. is. Patent No. 4.743.585. issued May 10. 1988. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-T-(C) n -W-(D) n -V-(E) n -U 

wherein T. C. W. D, V. E, U and n are as defined therein; 

Hudspeth, et al.. U.S. Patent No. 4,735.933. Issued April 5. 1988. which is hereby incorporated by 

reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

•Y-W-U 

wherein Y W and U are as defined therein; 

Sltonbronn et al.. U.S. Patent No. 4.804.743. issued February 14. 1989. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-T-U-V-W 

wherein T, U. V and W are as defined therein; 

Pinori. et al.. U.S. Patent No. 4.560.505. issued December 24. 1985. which is hereby .ncorporated by 



15 
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refer nee. discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



Tyr-Lys 



w 



75 




wherein Tyr and Lys are as defined therein; 

Yamato. et a!., U.S. Patent No. 4,683,220, issued July 28, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



(OH) 2 



20 



25 




Boger. et aL U.S. Patent No. 4,668,770, issued May 26, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



30 



35 



OH O R 4 



wherein R3. R*. q. B, D and E are as defined therein; 

Boger, U.S. Patent No. 4,668,663, issued May 26. 1987, which is hereby incorporated by reference, 
40 discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



45 



>.(CH 2 ) m . O 



so wherein R 3 « R*. m\ E, B and F are as defined therein; 

Bock, et al., U.S. Patent No. 4,636,491, Issued January 13. 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



55 
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OH 0 R 4 

ACH 2 ) m . O 



wherein R3, FU. m' and E are as defined therein; 
io Bock, et al.. U.S. Patent No. 4,663,310, issued May 5, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Vai cleavage site of angiotensinogen having the formula 



15 



U 



20 wherein G, R*. J. B and L are as defined therein; 

Boger, et al.. U.S. Patent No. 4,661.473, issued April 28, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



25 



NH JL 

^\J-B-L 



30 



35 



wherein G, R*, J, 6 and L are as defined therein; 

Veber, et aL, U.S. Patent No. 4,479,941, issued October 30. 1984, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 



45 



50 



55 



OH O R 4 



F»3 

wherein R 3 , R* and E are as defined therein; 

Boger, et a)., U.S. Patent No. 4,470,971. issued September 11, 1984, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



,NH 
R 3 



OH 0 R 4 ?| 



wherein Ra, R*. Rs. B and E are as defined therein; 

Veber, et al.. U.S. Patent No. 4,384,994, issued May 24, 1983, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
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5 




wherein Ri, R2. R3, R* and B are as defined therein; 
10 Boger, et al.. U.S. Patent No. 4,812,442. issued March 14, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
-G-J 

wherein G and J are as defined therein; 

Evans, U.S. Patent No. 4,665,055, issued May 12, 1987, which is hereby incorporated by reference, 
*5 discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



20 




25 wherein R*. Rs, B and C are as defined therein; 

Evans, et al., U.S. Patent No. 4,609,641, issued September 2, 1986. which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



30 




35 

wherein Ri, R2, X, Y. B and C are as defined therein; 

Patchett, et al., U.S. Patent No. 4,839,357, issued June 13, 1989, which is hereby incorporated by 

reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

-G-J 

40 wherein G and J are as defined therein; 

Boger, et a!., U.S. Patent No. 4.812.442, issued March 14, 1989. which is hereby incorporated by reference, 

discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

-G-J 

wherein G and J are as defined therein; 
45 Boger, U.S. Patent No. 4,665,052, issued May 12, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

OH O R 4 O 
/NH r X^ NH ^ r NHy^ p 

(CH 2 ) m 0 R s 

V 

55 wherein R3, R4, Rs, m and F are as defined therein; 

V ber, et al., U.S. Patent No. 4,478,826, issued October 23, 1984, which is hereby incorporated by 
refer nee, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
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OH O R, 



CH 2 O R 4 a 



T^'^l^T^mZ^^ 1^, which is hereby incorporated by 
„ 2£ dtioses XSiJSS cleavage site o* angiotensin having the formu.a 



OH 0 R 4 

.NH 



5 y 



(CH 2 ) m 0 R s 



t^Ffni&s?^™ °**» ie - 1984 - wwch is hereby incorporated by 

20 5££ dt.o U ses Scs oTthe^Va. deavage site of angiotensinogen having the formula 



25 



30 



35 



40 



OH 

NH 1 Jl .E-F-Q 



^"et^P^ » <s hereby incorporated by 

S^^J^rnES of the Leu-Vai cleavage site of angiotensinogen having the formula 




£££ KMS Patert No! Jm^s^ernber 24. 1987. which .hereby incorporated by 
XeZ disclls mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



45 

OH 



50 



55 



t^^Vs^^^tS^ March 14. 1989. which is hereby incorporated by 

Le!-V, Ceavage site of angiotensinogen having the formuia 
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10 



15 



wherein R? Ra R*. n and E are as defined therein; 

Raddate ei al U.S. Patent No. 4,755,592, issued July 5. 1988. which is hereby incorporated by reference. 

discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 

-W-E-W'-Y 

wherein W E w' and Y are as defined therein; 

Raddatz et ai.. U.S. Patent No. 4.666,888. issued May 19. 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



20 




E-G-Y 



wherein R. E G and Y are as defined therein; 
25 Son et al U.S. Patent No. 4,840.935, issued June 20, 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



30 




X- NR4R5 



35 



wherein R4, R5. Q and X are as defined therein; . nrfl 

lizuka et al.. U.S. Patent No. 4,841,067. Issued June 20, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 



40 



45 




wherein n and X are as defined therein; 
50 Raddatz et al.. U.S. Patent No. 4,829.053, issued May 9. 1989. which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of angiotensinogen having the formula 
■N(R 2 )-CH(R 3 )-CR t -(CHRs)„-C(0)-E-N(R6)-(CH(R7)),-D 
wherein n s R 2 Ra. R*. Rs. Rs, Rr. E and D are as defined ther in; 

SZan PaJnt Application No. EP0264106. published April 20, 1988. discloses mimics of the Leu-Va. 
cleavage site of angiotensinogen having the formula 



55 



20 
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JO 




wherein R„ R 5 , R* and R 7 are as defined therein including R* is hydrogen or oweralkyl; fc s hydrogen 
toweralkyl or an amino acid residue; Rs is loweralkyi. cycloalkyl, cycloalkylalkyl or arylalkyl and R 7 is 
hydroxy, alkoxy, substituted alkoxy, amino, substituted amino or an N-heterocycle; 

European Patent Application No. EP0272583. published June 29, 1988, discloses m.m.cs of the Leu-Val 
cleavage site of angiotensinogen having the formula 



1S M 



20 



25 



30 



35 



40 




wherein R 5 . Re. Rr and R 8 are as defined therein including Rs is hydrogen or .oweralKy.; n 6 hyd,o a en 
loweralkyi, cycloalkyl, cycloalkylalkyl, aryl. arylalkyl or an amino acid res.due; and R 7 and R 8 are 
independently selected from hydrogen, loweralkyi, cycloalkyl. cycloalkylalkyl or arylalkyl; 
European Patent Application No. EP0309766, published April 5, 1989, discloses rn.rn.cs of the Leu-Val 
cleavage site of angiotensinogen having the formula 



R 5 OH 
N 




wherein R 5 , R, and A are as defined therein including R5 Is hydrogen or towerclkyl; Re 
loweralkyi cycloalkyl, cycloalkylalkyl. aryl. aralkyl or heterocychc: and A is -CH(OHMCH)„-R7 wherein q is 
ST2d R Ms hydrogen, loweralkyi. cycloalkyl. cycloalkyla.ky.. ary«. arylalkyl. h*t«ocyclic sutet^d 
thioalkyl, substituted sulfone, substituted sulfoxide, substituted amine, quatern.zed amine, heterocyclic. 

—Published January 2, 1989. disc.oses mimics of the Leu-Vat 
cleavage site of angiotensinogen having the formula 



45 



50 



55 



wherein R4 is as defined therein including R* is loweralkyi; -h^i-., 
European Patent Application No. EP0283970, published September 28. 1988, discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 
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OH 



5 




wherein FU is as defined therein including FU is loweralkyl; 

European Patent Application No. EP0255082, published February 3. 1988, discloses mimics of the Leu-val 
cleavage site of angiotensinogen having the formula 




wherein R 2 , R 3 and R* are as defined therein including R 2 is hydrogen, alkyl, cyclcoalkyl. cycloalkylalkyl, 
aryl or arylalkyl; R 3 is hydrogen, alkyl or arylalkyl; and R* is -X-(CH 2 ) n '-R7 wherein X is absent, 0 or S. n is 
0-4 and R 7 is hydrogen, hydroxy, amino, heteroaryl or -CH(R 9 )-(CH 2 )p-Y-(CH 2 ) q -Ri 0 wherein p, q. Y and 
R10 are as defined therein; 

European Patent Application No. EP0230242, published July 29. 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein R 2 . R 3 and R* are as defined therein including R 2 is hydrogen, alkyl, cycloalkylalkyl, aryl or 
arylalkyl; R 3 is hydrogen, alkyl or alkenyl; and R* is -N(R 5 )-CH(R 6 )-(CH 2 ) n -Ar or -N(RshCH(R 6 )-CH = CH- 
(CH 2 ) m -Ar wherein n is 0-6, m is 0-4, R 5 is hydrogen or alkyl and R 5 is hydrogen, alkyl, hydroxyalkyl, 
40 alkoxyaikyl. thioalkoxyalkyl, carboxyalkyl, alkoxycarbonylalkyl, haloalkyl, alkylaminoalkyl, alkoxycar- 
bonylaminoalkyl or arylalkoxycarbonylaminoalkyl; 

European Patent Application No. EP0310015, published April 5, 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




wherein R 2 , R 3 , R4 and R 9 are as defined therein including R 2 is hydrogen, alkyl. cycloalkyl, cycloalkylalkyl, 
aryl or arylalkyl; R 3 is hydrogen, alkyl. aryl or arylalkyl; R 9 is hydroxy or fluoro; and R4 is -(CH 2 ) p -X-(CH 2 ) q - 
R 7 wherein p is 0-4, q is 0-4, X is -CF 2 -, -C(O)- or -CH(R 8 >- wherein R 8 is alkyl, alkoxy, thloalkoxy, 
alkylamino, hydroxy, azido or halo and R 7 is hydrogen, hydroxy, amino, aryl or heteroaryl; 
European Patent Application No. EP0315574, published May 10, 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 
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y ^ y 
s R 2 

(B is a boron atom) 

'0 whfirain r x Y Ra and R* are as defined therein including R 2 is hydrogen, alkyl. cycloalkyl. cycloalkylal- 
75 cleavage site of angiotensinogen having the formula 



^ 0CH(CH3)2 

20 ' ^ " ^ 



25 




European Patent Application No. EP0252727, published January 13. 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



30 

OH 



35 



40 wherein Y and R are as defined therein including Y is 0 or NH and R is alky., cyc.oa.kyl or halogenated 

European Patent Application No. EP0244083. published November 4. 1987. discloses mimics of the Leu-Va. 
cleavage site of angiotensinogen having the formula 



45 OH 



50 



wherein X is as defined therein including X is a.koxy. aikyalamino. cycloalkyloxy. morpholino and haloa.- 

55 Spean Patent Application No. EP0216539. published Apri. 1. 1987. discioses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



23 
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O 

^(CH 2 )„ Y-R 2 




wherein n Y and R2 are as defined therein including n is 0-1 , Y is 0 or NH and R 2 is alkyl; 
>o Ltpl Patent ^plication No. EP0206807. published December 30, 1986. discloses m.m.cs of the Leu- 
Val cleavage site of angiotensinogen having the formula 



75 




20 



25 



30 



35 



wherein n Z and R are as defined therein including n is 0-1, Z is 0 or NH and R is alkyl; 

S^Mrt Application No. EP0190891, published August 13. 1986, discloses m.m.cs of the Leu-Val 

cleavage site of angiotensinogen having the formula 




.X* 



(CH2)„ 



wherein n and X are as defined therein including n is 0-1 and X is alkoxycarbonyl, aralkoxycarbonyl. or -C- 
p£, * wherein R, is hydrogen, alkyl or aralky. and R 2 is alkyl or -CH.-Y-R wherein Y ,s O or NH and R 

European £2 Application No. EP0181110. published May 14. 1986. discloses mimics of the Leu-Va. 
cleavage site of angiotensinogen having the formula 



NH^,R 3 



«* wherein R 3 and FU are as defined therein including R 3 is -CHO or -CH 2 OH and R. is isobutyl or benzyl; 
Sropear , pSm Application No. EP0297816. published January 4. 1989. discloses musics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



so 



55 



T 



(ch 2 >; 

R 2 
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k • r and R» are as defined therein including n is 0-r. R, is -NH 2 . alkylamino. alkoxy. or 2- 
cleavage site of angiotensinogen having the formula 



70 




.heroin V and H, - aa donned twin Indodln, V is -CHfOH). or -0(0). and Ra Is * f ,C<0>NHCH,, -CF, 
' 5 eX^^S^ 1 ^-^. pMM March 4. ,987. discloses mimics 0. fhe Ud-Va, 
cleavage site of angiotensinogen having the formula 



OH 

20 NH 



25 




R 1 " R 3 



30 



35 



40 



SO 



55 



» „ <="^W^^^:;S,^ ^E^CS*^. "dOlNRsR... 
NR 9 R, 0 wherein Rs and R,o are .nde P^f 1 ^^ 

i^S^^ZSSZ** -» 3. 1988. ascios* — o. « -« 
cleavage site of angiotensinogen having the formula 

OH Y 

C Pofen, Applioadon No. 083725,37. published Awe. 8. ,986. closes mimic, of I. Loo-Vo, 
cleavage site of angiot nsinogen having the formula 



25 



EP 0 365 992 A1 



5 




wherein R, Ri. R 2 , R 3 , FU, Rs. Rs. B and Y are as defined therein including R is hydrogen, alky I. cycloalkyl, 
cycloalkylalkyl. aryl. arylalkyi, heteroaryl or heteroarylalkyl, R» is hdyroxy, alkoxy or aryloxy, R 2 is hydrogen 
7a or Rt and R 2 taken together is oxo ( = 0), Rs, R*. Rs and R 6 are independently selected from hydrogen, 
fluoro, chloro, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyi. heteroaryl and heteroarylalkyl, B is a peptide 
chain containing from 1 to 10 amino acid residues and Y is hydroxy or a protecting group for the peptide 
carboxy group; 

British Patent Application No. GB2203740, published October 26. 1988, discloses mimics of the leu-Val 
1 S cleavage site of angiotensinogen having the formula 



20 




wherein Ri, Ra, R3. R4 and B are as defined therein including R1 is a hdyrophobic or hydrophilic side 
25 chain, R 2 is hydroxy or amino, R 3 is hydrogen or R 2 and R3 taken together is oxo ( = 0), R* is a 
hydrophobic or hydrophilic side chain and B is -NHCH(R 6 )C(R7)(R8)C(R 9 )(Rio)CH 2 C(0)NRuRi 2 wherein R e 
is Ri, R 7 and R 8 are the same as R 2 and R 3 , Rs and R10 are independently selected from hydrogen and 
fluoro and Rn and Ri 2 are independently selected from hydrogen, alkyl, arylalkyi. heteroarylalkyl and -CH- 
(Ri3)C(0)Ru wherein R13 is alkyl or hydroxyalkyl and Ru is hydroxy, alkoxy, amino, alkylamlno. 
30 aminomethylpyridyl or benzyl; 

British Patent Application No. GB2200115, published July 27, 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



35 




Ri, R 2 , R3, R*. Rs. D and Y are as defined therein including Ri is hydrogen or alkyl, R 2 is an amino acid 
side chain, R 3 is hydrogen, hydroxy, aryloxy or amino, R4 and R 5 are independently selected from 
hydrogen, alkyl, arylalkyi. heteroarylalkyl and -CH(R t2 )C(0)Ri3 wherein R12 is alkyl or hydroxyalkyl and Ris 
is hydroxy, alkoxy, amino, alkylamino, aminomethylpyridyl or benzyl; or -NR4R5 represents pyrrolidinyl, 
45 piperidinyl. morpholinyl, piperazinyi or substituted piperazinyl; D is a bond. 0, -N(R,)- or -CH(Ri)- and Y is 
-C(Oh-S(0) 2 -or-P(0)-; 

German Patent Application No. DE3830825. published March 23, 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



50 




55 

wherein R*. Rs, Rs. R;, Rs, Rs, Rio and X are as d fined therein including R* is a hydrophilic or 
hydrophobic amino acid side chain. Rs is hydroxy or amino, R 6 is hydrogen or R 5 and Rs taken together 
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/ ™ q anrf R„ are independently selected from hydrogen and fluoro. Rg and Rio are 

R„ is hoyroxy. alkoxy. amino, aKylamlno. arninomthylpytidyl. benzyl or .WCHsCHsOWB, <«» mo 
L died therein; and X ia a bond o. 0. NH or -C(R„) S.r«" » 

ssrsLS^rssJs ^ o-* ». ». *— — - - ^ 

cleavage site of angiotensinogen having the formula 



10 



15 



20 



25 



30 



35 




M, m, Rt and Rs are as de«nea tlwein inoludlnr, m Is 0*1 . Rt la alkyl. oyoloalkyl or phenyl snd Rs Is 

tgxsEXfsss*. ***** « «. « — . — „ «. >— 

cleavage site of angiotensinogen having the formula 



un w 

cr 



.M*. R. and R, are as denned therein tefcrfng R, is alkyl. hyctaryalkyl. (heterooyololalkyl. eminoalkyl. 
cleavage site of angiotensinogen having the formula 



40 



45 



so 




0 

^ ^ (CH(Re) - C(O) - NH) n - R 7 

(CH2) m NH 



wh«r«in m n R< R* and R 7 are as defined therein including m and n are independently selected from 0 
ST fc ta anS' c^oXl or Phenyl. Rs is alkyl and R 7 is alkyl or substituted alkyl as defined therem; 
European Ptrterrt' ^pHcation No. EPu273893. published July 6. 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 




« wherein R 5 . Rs and Y are as defined therein including R 5 is alkyl or cycloalkyl. Rs is hydrogen or alkyl and 
cleavage site of angiotensinogen having the formula 
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Ra OH 

-v 

OH 




wherein R, Rs and R, are as defined therein including R, is hydrogen, alkyl. haloalkyl, 
rSloalke^yl olr alkoxycarbonyl. Rs is hydrogen or a.ky. and R, is cyc.oa.kyl. phenyl, cycloalkylalkyl or 

'° Euro n peS y patent Application No. EP0310071, published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



15 



20 



OH 




OH 



wherein R, R 5 and R; are as defined therein including R, is hydrogen, alkyl, haloalkyl. a'Wcycloalkyl. 
ZZ^ or alkoxycarbony.. Rs is hydrogen or alkyl and R 7 is cycloalkyl. phenyl. cycloalky.a.ky. or 

S^Patent Application No. EP0310072. published April 5. 1989. discloses mimics of the Leu-Val 
2S cleavage site of angiotensinogen having the formula 



30 



35 



R * OH 

.N. Js^ ^R, 

OH 




wherein R, Rs and R 7 are as defined therein including R, is hydrogen, alkyl. haloalkyl. alkylcycloalkyl. 
rSloalkenyi or alkoxycarbonyl. Rs is hydrogen or alky, and R, is cycloalkyl. phenyl, cycloalkylalkyl or 

Euro^Patent Application No. EP0310073. published April 5. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



40 ** OH 




45 



50 



R 7 OH 

wherein R, Rs and Rt are as defined therein including R, is hydrogen, alkyl. haloalkyl. 
rkySc.oa.keny. oTalkoxycarbonyl. Rs is hydrogen or alkyl and R, is cycloalky.. phenyl, cyc.oalky.alky. or 

E^ptarpatent Application No. EP0313847. published May 3, 1989. discloses mimics of the Leu-val 
cleavage site of angiotensinogen having the formula 

R s OH 
.N. Js^ ^-R 1 



55 

R e OH 
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wherein Ri. R 5 and R 6 are as defined th rein including R, is hydrogen, alky, haloalkyl. 

« aikoxycarbonyl. R 5 is hydrogen or alky, and R e is cyc.oa.kyl. ph nyl. cycloaikylalky. or 

furoTean'patent Applioation No. EP0296581. published December 28. 1988. discloses mimics of the Leu- 
s Val cleavage site of angiotensinogen having the formula 



10 



15 



20 



o 



VY R ' 



r 3 6 



wherein R, and R 3 are as defined therein including R, is hydrogen, arylalkyl. aryl. (heterocyctte)alkyl or 
LTocvclic^nd R,Ts hydrogen, alkyl. haloalkyl. arylalkyl. (heterocyclic)alkyl, hydroxyalkyl akoxyaky 
S3 melXlJ thLkoxyllky.. hydorxya.koxyajkyl ^S^Z^ 
carboxyalkyl. aminothioalkoxyalkyl, guanidinoalkyl. aminocarbonylalkyl or >™°az°lylalky I 
European Patent Application No. EP0231919. published August 12, 1987. discloses m.m.cs of the Leu Val 
cleavage site of angiotensinogen having the formula 



OH 

,NH 



25 



30 



35 



40 



45 



50 



'A 

wherein R, and R 3 are as defined therein including R, is an N-heterocyclic ring and R 3 ^ hydrogen alkyl. 
Sit haloalkyl. ary,a,ky.. (heterocyc,ic)a.ky. ; hydroxyalkyl. ^^^ff'cZZZi 
mercaptoalkyl. tioalkoxyalkyl, hydroxyalkoxyalkyl, aminoalkoxyalkyl hydroxyth.oalkoxyalkyl, carboxyamy.. 
aminothioalkoxyalkyl. guanidinoalkyl. aminocarbonylalkyl or im.daz o ylalkyl; 

PCT Patent Application No. WO 87/05302. published May 3. 1989. d>scloses m.m.cs of the Leu val 
cleavage site of angiotensinogen having the formula 

-Eio-Fu-Gi2-Hi3-lu-Z . 
wherein E, 0 . Fi ,. G, 3 . H, 3 . In and Z are as defined therein includmg -E, 0 -F, ,- .s 




u a •„ h.„w, a r. aiin/i arvi cvcloalkvl heterocyclic, alkoxy or thioalkoxy, Rn is hydrogen, alkyl. 
C7^7^Z^cZ^ a^kyl. (heterocTciiOalkyl. alkoxyaiky. or thioalkoxyalkyL 
R^ta or alkyl and R 3 is hydroxyalkyl. aminoalkyl. aryl or alkyl. G, 2 is absent or an am.no acid 

SS^hIT! TiSt^JS^ acid residue, lu is absent or an amino acid residue and Z is hydroxy. 

substituted alkoxy. substituted amino or cyclic ammo; . „ m .„^ c _ f thft ■ B11 .w a i 

PCT Patent Application No. WO 87/02986. published May 21. 1987. d.scloses m.m.cs of the Leu Val 
cleavage site of angiotensinogen having the formula 

wheinE^o!"", 1 , 3 . Gi" 2 Z H, 3 , lu and Z are as defined therein including -E,o-F„- is 



55 
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w 



OH R 




11 





o , 



15 



20 



NH 2 R 11 



OH R, 




o r 




wherein R, is hydrogen, alkyl. aryl, cycloalkyl, heterocyclic, aikoxy or thioalkoxy, Rn is hydrogen, alkyl, 
benzyl, cycloalkyl. hydroxyalkyl, cycloalkylalkyl, arylalkyl, (heterocyclic)alkyl, alkoxyalkyl or thioalkoxyalkyl. 
R 2 , is hydroxy or amino, R22 is hydrogen or alkyl and R 23 is hydroxy, amino, hydroxyalkyl, aminoalkyl, aryl 
25 or alkyl. Gt 2 is absent or an amino acid residue. Hi 3 is absent or an amino acid residue, In is absent or an • 
amino acid residue and Z is hydroxy, substituted aikoxy, substituted amino or cyclic amino; 
PCT Patent Application No. WO 89/00161. published January 12, 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



30 



35 



.NH .X 

^ Y A ~ Y 

R d 




wherein R 2 . FU, R$, X, Y and Z are as defined therein including R 2 is hydrogen or alkyl, R* is hydrogen, 
alkyl cycloalkyl, aryl, heterocyclic, hydroxyalkyl or aminoalkyl, R 5 is hydrogen, alkyl. arylalkyl, 
<° (heterocyclic)alkyl or cycloalkyl, X is -CH(OH)., -CH(NH 2 )-, -C(O)-, -CH(OH)CH(OH)-, -CH(OH)CH 2 -, -CH- 
(NH 2 )CH 2 -, -C(0)-CH 2 -. -CH2-NH-, -CH2-O- or -P(0)(A)B- wherein A is hydroxy or amino and B is absent, 
0, NH or CH 2 , Y is absent or -NHCH(R 5 )C<0)- and Z is hydroxy, substituted aikoxy, substituted amino or N- 

heterocyclic^ 

PCT Patent Application No. WO 88/07053, published Septmeber 22, 1988, discloses mimics of the Leu-Val 
45 cleavage site of angiotensinogen having the formula 



50 



55 




R 100 



CH 2 ) r 



wherein r, t. R 9 o. R100. Rno, Rut. G12. H, 3 , lu and Z are as defined therein including r is 0-3, t is 0-3, 
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| g huHron n a i kv | arvl. cycloalkyl, heterocyclic, alkoxy or thioalkoxy. Rno 



acid residue or 



75 



20 



25 




Hia is absent an amino acid residue or 

wherein R,o is hydrogen. a,k,. ary,,ky.. <^<*^^ 

are independently selected from hydrogen alkyl, ary "J^^^SS^^ heterocyi spirocycle, 
cycloalkylalkyl and adamantyl; or %„ and R 6 , taken together form a carbocyciic or nexe y 
l u is absent an amino acid residue or 



35 




cleavage site of angiotensinogen having the formula 
45 a)-Eio-Fn-C( = Y)-Gi 2 -H,3-Z, 

b) -Eio-Fu-W, 

c) -Eto-Fn-Gi2-Hi3-Wor 

d) .E,o-Fii.Gi2i-H, 3 ,-lu-Z W Y and Z are as defined therein including -Eio-Fii- is 
wherein Eio, Fn, G12. H13. G121. H131. lu. w, t anu 

50 



55 
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OH R 



,NH 





NH 



NH 2 R 1t 




Rj2 R; 



24 








0 








) 


w/ 












OH 










R 22 


R23 





R, 





ox 



Ri 



NH 




F F 



wherein R and R, are independently selected from alkyl. cycloalkyl, aryl. substituted alkyl as defined 
meZ cr thioa.koxy Ru isalkyl. cycloalkyl, aryl, substituted aikyl as defined t^,^ 

Woalkoxy hydrogen, hydroxyalkyl. cycloalkylalkyl, arylalkyl. (heterocyclic)alkyl, alkoxyalky and I thioalkox- 
S t s V hydrogen y or a.ky.. R 23 is hydroxy, hydroxyalky.. amino, aminoalk* aryl or alkyl P^ .s ayl. 
Lino akylamino. oialkylamino. trialkylamino. heterocyclic, hydroxy, alkoxy alkanoyloxy J^apto^ 
boxy, alkoxycarbonyl. dialkylaminoalkoxycarbonyl, aminocarbonyl. alkylammocarbony^ d-alkylammocar- 
bony . cyclSmino, cycloalkylamino. guanidinyl, cyano. N-cyanoguanidinyl. cyanoam.no. Mro^alkylam,no 
dT(nydroxyalkyl)am no. arylalkyl. aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, tnalkylam.noal y . 
23 hyd oxyalkyl. alkoxyalky.. alkanoyloxyalkyl. mercaptoalkyl, carboxyalkyl. alkoxycarbony a I- 
^3^" ^rloca^ylakyl, alkylaminocarbony.alkyl, dialkylaminocarbony a - 
M cycliSminoalM, eye oalkylaminoalkyl. guanidinylalkyl. cyanoalkyl, N-cyanoguamdmylalkyl, 
cyanoaminoXl. hydroxya.Maminoalky. or dKhydroxya.kyDaminoa.kyl, W, and W 2 are ^dently 
Sfected from hydroxy and amino, W, and W* are independently selected from hydrogen and fluo 0, W s 
;fdeSe7mernTis O, S. NH or -N(alkyl)-. Z is as defined therein. G 12 is absent or an amino ac.d 
ZS1 ^ H,,Tabsent or an amino acid residue, G„, is absent or an amino acid residue. H,., is absent or 
an amino acid residue and I,* is absent or an amino acid residue; 

PCT Pat nt Application No. WO 86/06379. published April 5. 1989. discloses mim.es of the Leu-Val 

cleavage site of angiotensinogen having the formula 

•E-F-G-H-Z 

wherein E. F. G, H and Z ar as defined ther in including -E-F- is 
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Ri 0 a Riob W{ W 2 




10 



15 



20 



25 



wherein R 10 , is hydrogen or a.ky.. R,„ b is a.ky.. ^ 

cycloalkenyl or cyctoalkenylaflcyl. R 10e is hydrogen or alkyl, U ,s -C(0)-, -CH(OH)- « ^W*> and w, ana 
W, are independently selected from hydrogen, fluoro. chloro and bromo. Q .s absent or an immoaod 
residue. H is absent or an amino acid residue and Z is hydroxy, thiol ammo, substituted alkoxy, substituted 
thioalkoxy substituted alkylamino. Lys-OH. Lys-NH 2 . Ser-OH or Ser-NH 2 ; 

EuXean Patent Application No. EP0271862. published June 22. 1988. discioses m.m.cs of the Leu-Val 
cleavage site of angiotensinogen having the formula 

'vZrin Y W and U are as defined therein including Y is Sta. Cysta or PhSte. W is Leu, lie. N-MeLeu. Val 
; abTent and U is -NHCH 2 CH(CH 3 )CH 2 CH3. -NHCH.Ph ^^g^^J^S^ 
/r,H\CH,SCH(CH 3 > 5 -NHCH 2 CH(OH)CH 2 S(0 CH CH 3 ) 2 . -NHCH 2 CH(OH)CH 2 &tU) 2 OM^n 3 , 2 , 

-NHCH.CH = CH 2 . -OEt. -OMe. -NH( P ipendin-4-yl). 

• NHCH 2 — (^N-CH 2 Ph 

.MHCH 2 --^CH 2 NHZ , - NHCH 2 -^CH 2 NHBOC . 
JCX ... or -NHCH 2 ^*N 



35 



40 



45 



50 



55 



European Patent Application No. EP0275480. published July 27. 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

W U and V are as defined therein including W Is Sta. PhSta or Cysta U is ab sent. Leu. lie. val. N- 
MeLeTor N-Melle and V is -NHCH 2 Ph. -NHCH 2 -cyclohexyl. -NH( P iperidin-4-yl . -NHCH 2 (pynd.2-yl). 
NhS 2 CHWCH 2 CH 3 . -OMe. -OEt, -NHCH(CH 2 0H)CH(CH3)CH 2 CH 3 . . N HCH 2 CH 2 (morphohn-1-yl>. 

. NHCH 2 — f^N-CH 2 Ph ^ 

.NHCH 2 -^CH 2 NH2 " - NHCH 2 -^CH 2 NH 2 . 

PCT Patent Application No. WO 88/03927. published June 2. 1988. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

" T hS^ (D c"w E D*V E U and n are as defined therein including nis 0-1. T is Sta. PhSta, Cysta. Leu. 
SKI .NHCH l( p,rtd. 2 -*>. - N HCH ! CH(CH,)CH ! CH,, "OMe, « 
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- NHCHj—^^N-CHjPh 

.NHOV^^CHjNHZ -NHCH 2 -^^CH 2 NH 2 . 

European Patent Application No. EP0314060, published May 3, 1989, discloses mimics of the Leu-val 
cleavage site of angiotensinogen having the formula 

herein W and U are as defined therein including W is Sta. Cysta. PhSta. ChSta. DFKSte. DFKCys. 
'5 DFKChs, ASta or ACys and U is -NHCH 2 CH 2 (morpholin-1-yl). -NHCH 2 CH(CH 3 )CH 2 CH 3 .NHCH(CH 2 OH)- 
CH(CH 3 )CH2CH3. -LeuNHCH 2 Ph. -LeuNHCH 2 -cyclohexyl, -LeuNH<piperidin-4-yl), -LeuNHCH 2 (pyrid-2-yl) or 

20 .Leu-NHCHj^^CHjNHj ; 

European Patent Application No. EP0310918. published April 12. 1989. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

25 

,NH 



OH V 



R 3 

30 

wherein R 3 and R* are as defined therein including R 3 is isobutyl. cyclohexylmethyl or benzyl and FU is 
phenyl, furyl, vinyl, ethyl or l'2-dihydroxyethyl; 

French Patent Application No. FR8700560. published July 22. 1988. discloses m.mics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

35 

R 9 

NH-CHj-B 



40 



45 



wherein R. U and B are as defined therein including R is hydrogen or hydroxyalkyl. U is Leu. Ala. Val or lie 

European^atert Application No. EP0236948. published September 16, 1987, discloses mimics of the Leu- 
so Val cleavage site of angiotensinogen having the formula 

OH O Me OH 

55 X %J Pb 



wherein X is as defined th rein including X is isobutyl or benzyl; 
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European Patent Application No. EP0281316. published September 7, 1988. discloses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 



10 




«, hfl r ei n R, R. and Rs are as defined therein including R 3 is allyl. cyclohexyl or phenyl. R* is nitromethyl. 
wherem R 3 . R ^J"- 0 !**, n is 0-2 and R d is heterocyclic and R s is hydrogen or alky!: 
irS S DSS n 52 4 2 . published February 9. 1989. disposes mimics of the Le,Val 
rs cleavage site of angiotensinogen having the formula 

? 3 

/ HH A 



20 



25 



30 



cleavage site of angiotensinogen having the formula 



NH " 

CF 2 




H 3 U 



35 



I 



u • a r r R n X and Q are as defined therein including R 2 is an amino acid side chain. R 3 is 

cleavage site of angiotensinogen having the formula 
45 Se^n Z F,?. Gr'H^. .„ and Z are as defined therein including -E,o-F„- is 



50 



55 



35 
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*21 0 



w 




15 



20 



25 



NH 2 ?11 




.NH 



NH 



OH R. 



11 




CH 2 



OH O 




■n 



30 



35 



o r 



.NH 



OH 




OH 



wherein R, is hydrogen, alkyl. aryl. cycloalkyl. heterocyclic, alkoxy or thioalkoxy, Ru * hydrogen, alky, 
40 benzyl, cycloalkyl. hydroxyalkyl, cycloalkylalkyl. arylalkyl, (heterocyclic)alkyl, alkoxyalky or th.oalkoxyalkyl 
R 2 , is hydroxy or amino. R 22 is hydrogen or alkyl and R 23 is hydroxy, amino, hydroxyalkyl, am.noalkyl. aryl 
or alkyl. R 2 » is R, hydroxy, amino, hydroxyalkyl or aminoalkyl. G12 is absent or an am.no acd residue, H 12 
is absent or an amino acid residue. In is absent or an amino acid residue and Z is hydroxy. subst.tuted 
alkoxy. substituted amino or cyclic amino; , v/»i 

45 European Patent Application No. EP0275101. published July 20. 1988. d.scloses m.mlcs of the Leu-Val 
cleavage site of angiotensinogen having the formula 



50 



55 
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OH 0H 



10 



15 



20 



.NH 



OH 




CN 



o r 



OH 




NH-G 12 -H 13 -X 



wherein Ri, Q„. *, and X are as defined therein inching JJM. ^g^ZS^ 
heterocyclic, aikoxy or thioalkoxy. Q„ is absent, an am.no a .d re .due or an ammo* ^ ^ ^ 
the alpha-amino group has been replaced by O, H« Q a " n J"™ a , M or ^tuted 

residue wherein the alpha-amino group has been replaced by 0 and x is nyoroge y 

tCn™5ca«on No. EP0312291. published A P , 19, .« discloses mimics o, the Leu-Val 
cleavage site of angiotensinogen having the formula 



25 



30 



35 



40 



wherein R„ Y, X and E ape as denned therein including Ri is hydrogen, 
cleavage site of angiotensinogen having the formula 



50 



55 




wherein RI. X and E are as defined therein including R, ^tdtm 

ess Ksrr ssssr ssrcr* — . — - - — 

cleavage site of angiotensinogen having the formula 
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20 



25 



O R 9 R 10 a 
fV 

wherein r. R 7 . R*. Rio. Rs. Rio.. Q and J are as defined therein including r is 1-4. R 7 is alkyl. aryl or 
JO cycloalkyl. R* is hydrogen, alkyl. alkenyl. cycloalkyl, aryl or substituted alkyl. R,o and R, 0a are indepen- 
dently selected from hydrogen and alkyl. R 8 is -(CH 2 ),-NR,,R,2 wherein s is 1-2 and R.i and R, 2 are 
independently selected from hydrogen, heterocyclic, aryl. cycloalkyl, alkyl. arylalkyl, (heterocycl.c)alkyl. 
aminoalkyl. hydroxyalkyl, alkylaminoalkyl. dialkylaminoalkyl. carboxy, alkyl substituted by -SOjH • am.nocar- 
bonylalkyl. alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl, Q is -CH(OH)-. -CH(N(FU))-. -CH(OH)CH 2 - 
rs or -CH(N(R 8 ))CH 2 -wherein R 8 is hydrogen, alkyl, formyl, alkanoyl, aroyl. alkoxycarbonyl. aryloxycarbonyl or 
araylalkoxycarbonyl and J is substituted alkylamino or substituted alkoxy; 

European Patent Application No. EP0312157, published April 19, 1989, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



40 



45 



0 R 9 R« a 

VyYY 

R 4 R 10 



wherein r. R 7 , R«. Rio. Rs. Rioa. Q and J are as defined therein including r is 1-4. R 7 is alkyl, aryl or 
cycloalkyl. FU is hydrogen, alkyl. alkenyl. cycloalkyl, aryl or substituted alkyl. Rio and R, 08 are indepen- 

30 dently selected from hydrogen and alkyl. R 9 is -(CH 2 ) S -NR,,R, 2 wherein s Is 1-2 and Rn and Ri 2 are 
independently selected from hydrogen, heterocyclic, aryl. cycloalkyl. alkyl. arylalkyl. (heterocyclic)alkyl. 
aminoalkyl. hydroxyalkyl. alkylaminoalkyl, dialkylaminoalkyl. carboxy, alkyl substituted by -S0 3 H, a^'nocar - 
bonylalkyl. alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl, Q is -CH(OH)-, -CH(N(R 8 ))-. -CH(OH)CH 2 - 
or -CH(N(R.))CH 2 -wherein Rg is hydrogen, alkyl, formyl, alkanoyl, aroyl, alkoxycarbonyl. aryloxycarbonyl or 

35 araylalkoxycarbonyl and J is substituted alkylamino. substituted alkoxy, heterocyclic, heterocyclicamino or 

substiute guanidino; . . , ... 

European Patent Application No. EP0314239. published May 3, 1989, discloses mimics of the Leu-Val 



cleavage site of angiotensinogen having the formula 

0 

NH 



(CH 2 ) r R 4 
*1 



wherein r. R 7 , R*. Q and J are as defined therein including r is 1-4, R 7 is alkyl. aryl or cycloalkyl, R* is 
hydrogen, alkyl, alkenyl. cycloalkyl, aryl or substituted alkyl. Q is -CH<OHh -CH(N(R 8 ))-, -CH(OH)CH 2 - or 
50 .CH(N(R8))CH 2 -wherein R 8 is hydrogen, alkyl. formyl, alkanoyl, aroyl. alkoxycarbonyl, aryloxycarbonyl or 
araylalkoxycarbonyl and J is amino, hydroxy, substituted alkylamino or substituted alkoxy; 
South African Patent Application No. 866642, published February 24. 1987. discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



55 
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LroZfSSnf Appncation No. EP0309841. pub.ished Apri. 5. 1989. disc.oses mimics of the Leu-Va. 
cleavag site of angiotensinog n having the formula 



Rs R 5 
R 4 



JO 



JS 



wherein n R* R« Rs, R S and E are as defined therein including n is 1-2. R 3 is hydrogen or alkyl, R* J 
;r;en:alM.^ 5 aryU.. heterocyclic, (heterocyclic),^ cycloa,yl. a.koxy o, jg-JJ** 
(H OH) (H.NH*) or 0. R 6 is hydrogen, alkyl or alkenyl and E .s -SR;. -SOR 7 . SOjR;, &u 2 urv 

Val cleavage site of angiotensinogen having the formula 



20 



25 



«3 R s 0 



/ ^(CHR s ) n ^ E« Q • D 



^ » b. ft Rs ft E Q and Y are as defined therein including n is 1-2. R 3 is hydrogen or alkyL R* 
SCn i' ayl.^uryWkyl. heterocyclic, (heterocycliOa.kyl. cycloalky, • 
(H.OH). <H.NH 2 ), or O, Rs is hydrogen or alkyl, E is 0-2 amino acid residues. Q .s 0 or NH and Y is H or 

30 £gZ£$L Applica«on No. EP0249096. published December 16. 1987, discioses mimics of the Leu- 
Val cleavage site of angiotensinogen having the formula 

r 

R3 R 5 O 
. /"NjAichr,) A e .q.d 
R4 

wh ft r*in n R-i R* R5 R6 E Q and Y are as defined therein including n is 1-2, R, is hydrogen or alkyl, R* 
Ts hTd^en alS: ^ryfa.kyl. heterocyclic. (heterocyclic)^., cycloaikyl. 

L aa l (H nr.,R,^ or O wherein R12 and R„ are independently selected from hydrogen and alkyl. R 6 
So e oT^Eis 0-2 acid residues. Q is O or NH and Y is H or substituted alkyl; and 
iX^™**"" No. EP0264795. published April 27, 1988. discloses m,m,cs of the Leu-Va! 
cleavage site of angiotensinogen having the formula 



35 



40 



45 



50 



R 2 OH 

/ N > Y" Z ^ (CH 2 )„-N(R 7 ) • E • Y 
R 3 



ho «in n h R, FU E and Y are as defined therein including n is 1-2. R2 is hydrogen or alkyl. R3 is 
ZZ* ^M^^c (heterocyclic^., cycloaikyl. cycloalkylalkyl or aikoxy R4 .s 
hydrogen, alkyl. aryi, ^™JJ' . „ ' -C(O)0- -S02-. -S02NH-. or -P0(0A)O- wherein A .s hydrogen 
^iWiSST-SS.' SSL ied^ar'boxya-kyl. aikoxycarbony, *°«»*^ 
subsSt Jalkoxycarbonyiyl. aminocarbonyi. substituted aminocarbonyl. aminocarbonylalkyl. substituted 
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w 



O o 

/ NH Y^ v V^ Nn NH— (alkyl, or amino acid alkyiamide) 
J R R" 

wherein R and R are as defined therein including R is fluoro and R* is hydrogen or fluoro; 

European Patent Application No. EP0273696, published July 6. 1988. discloses m.m,cs of the Leu-Val 

cleavage site of angiotensinogen having the formula 



75 



20 



25 



30 



35 



/ 



1' E 



"10 

wherein n ft R.o and E are as defined therein including n is 0-5, R 2 is hydrogen or alkyl. R.o is alkyl. 
cycloalkyl.' cycloalkylalkyl. arylalkyl. (heterocyclic)alky.. alkoxyalkyl, thioalkoxyalkyl hydroxyalkyl or aminoa- 
kyl and E is -CH{W)-G wherein W is hydroxy, amino, alkanoyloxy or alkanoyloxyalkylcxy and G « -C^W" 
T-U-V wherein Q is a bond or -CH<R,3>- wherein R, a is hydrogen, aryl. alkyl. cyclop or 
T and U are independently absent or selected from an amino acid residue and V is hydroxy, substituted 

alkoxy, amino or substituted amino; . . . 

European Patent Application No. EP0278158. published August 17. 1988. d.scloses m.m.cs of the Leu-val 
cleavage site of angiotensinogen having the formula 



"10 



wherein n ft, R,o and E are as defined therein including n is 0-3. ft is alkyl or substituted alkyl, R,o is 
alkyl. cycloalkyl. cycloalkylalkyl. arylalkyl. (heterocyclio)alkyl. alkoxyalkyl. thioalkoxyalkyl hydroxyalkyl or 
„ aminoalkyl and E is -CH(W)-G wherein W is hydroxy, amino, alkanoyloxy or alkanoy oxyalkylox> r an I G » 
40 f Q .C(0).T-U-V wherein Q is a bond or -CH(ft 3 )- wherein R, 3 is hydrogen ^l. alkyl cycloalkyl or 
substituted alkyl. T and U are independently absent or selected from an am.no acd residue and V ,s 
hydroxy, substituted alkoxy. amino or substituted amino; ^ th «io., 
German Patent Application No. DE3721855. published September 22. 1988. d.scloses m.m.cs of the Leu- 
Val cleavage site of angiotensinogen having the formula 



45 



50 



«2 R 4 0 



wherein n. R 2 . ft. ft, ft. ft. E and D are as defined therein Includmg n .s 1-2, ft is hydrogen o a kyl ft 
, is hydrogen, alkyl. aryl. arylalkyl. (heterocyc.io)alkyl. cycloalkyl, alkoxy or cycloalkylalkyl. R4 is (H.OH), 
55 H.NH 2 ) or b. Rs is hydrogen or alkyl. ft is hydrogen or alkyl. E is 0-2 am.no acd residues and D js 
'cftCHOHCftOH, substituted sulfonyl. substituted sulfonylalkyl. substituted ^nyl. substituted 
phosphonyl. phenyl, phenylalkyl. furyl. furylalkyl, thienyl, thienylalkyl. pyridyl. pyndyla.kyl or other 
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The term "substituted methylene group" as used herein refers to: 
(I) -CHRnRu wherein 
5 1) R13 is 

i) hydrogen or 

ii) hydroxy 

and 

2) Rh is 
w i) hydrogen. 

ii) loweralkyl, 
Hi) hydroxy. 

iv) hydroxyalkyl, 

v) alkoxy, 

75 vi)alkoxyalkyl, 

vii) azido, 

viii) azidoalkyl. 

ix) amino, 

x) (N-protected)amino, 
2Q xi) aminoalkyl, 

xii) (N-protected)aminoalkyl, 

xiii) alkylamino, 

xiv) (N-protected)(alkyl)amino, 

xv) aikylaminoalkyl. 

25 xvi) (N-protected)(alkyl)aminoalkyl. 

xvii) diaikylamino, 

xviii) dialkylaminoalkyi, 

xix) carboxyalkyl, 

xx) thioalkoxy, 

2Q xxi) thioalkoxyalkyl, 

xxii) aikyisulfonyl, 

xxiii) alkylsulfonylalkyi, 

xxiv) thioaryloxy, 

xxv) thioaryloxyalkyl, 
35 xxvi) arylsulfonyl, 

xxvii) arylsulfonylalkyl, 

xxiii) (unsubstituted heterocyclic)alkyl or tfu fhAn p is not hydroxy. 

40 aikyisulfonyl or arylsulfonyl, and such that when R, 3 is hydrogen then ft* is not hyarog 

(II) -C(*CH 2 )C(0)NHR 1S , 

(III) -C(OH)(Ri6)C(0)NHRi 5 or 

(IV) -CH(Rt6)C(0)NHRis wherein 

1) R15 is 
45 i) loweralkyl, 

ii) hydroxyalkyl, 

iii) alkoxyalkyl. 

iv) aminoalkyl, 

v) aikylaminoalkyl, 
50 vi) dialkylaminoalkyi, 

vii) heterocyclic, 

viii) aryl, 

ix) (heterocyclic)alkyl or 

x) arylalkyl and 
55 2) Ris is 

i) hydrogen, 

ii) low ralkyl. 

iii) hydroxyalkyl, 
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iv) haloalkyl or 

v) azidoalkyl; 



(V) 



■CH 2 C(Q)NH-(CH 2 )t— * 2Q y *2i 



w wherein 

1) t is Oto 3, 

2) R20 is 

i) CH2 or 

ii) N and 
15 3) R21 is 

i) NH, 

ii) O t 

iii) S or . 

iv) S0 2 . such that when t is 0 then R 20 is CH 2 and when t is 1 to 3 then R20 is N, 

20 (VI) -CH 2 CH(R22)C(0)NHR 2 3 wherein 
1) R22 is 

i) loweralkyl or 

ii) cycloalkyiaikyl 

and 

25 2) R23 is 

i) loweralkyl, 

ii) hydroxyalkyi, 

iii) alkoxyalkyl, 

iv) aminoalkyl, 

30 v) alkylaminoalkyl, 

vi) dialkylaminoalkyl, 

vii) heterocyclic. r 

viii) ary!, 

ix) (heterocyclic)alkyl, 
35 x) arylalkyl or 

xi) 

r~\ 

•{CH 2 )u— f\24 R2S 

V / 



wherein 
45 a) u is 0 to 3. 

b) R24 is CH 2 or N and 

c) R25 is NH. 0, S or S0 2( . 
such that when u is 0 then R 2 * is CH 2 and when u is 1 to 3 then R 2 * is N; 



50 



55 



.CH 2 CH(R 2 2)C(0)— N^^N — R74 



wherein 

1) R22 is as defined above and 

2) R 7 * is 
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i) hydrogen. 

ii) loweralkyl, 

iii) an N-protecting group or 

iv) R7s-C(0)- wherein R75 is aminoalkyl or (N-protected)aminoalkyl; 



(VIII) 

.CH 2 CH(R 2 6)C(0)NHCH(R 27 )C(0)NHCH 2 




wherein 

1) R26 is 

i) loweralkyl or 

ii) cycloalkylalkyl and 

2) R27 is 

loweralkyl or 

ii) cycloalkylalkyl; (IX) -CH 2 CH(R 8 ,)NHC(0)R 8 2 or -CH 2 CH(R 8 t)NHS(0) 2 R 82 wherein 

1) Rsi is 

i) loweralkyl or 

ii) cycioaikyialkyl and 

2) Rs2 is 

i) loweralkyl, 

ii) alkoxy, 

iii) alkylamino, 

T)^OR^ is aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl or (heterocyclic)alkyl or vi) 

t 

as defined above; (X) -CH 2 NHC(0)R 82 or -CHaNHSfOjaRs* wherein R 82 is as defined above; or 

(5) Cf!cH(OH)Rb3 wherein R 83 is loweralkyl, loweralkenyl. cycloalkyi, cycloalkenyl. cycloalkylalkyl. 

cycloalkenylalkyl, aryl. arylalkyl. heterocyclic or (heterocyclic)alkyl. 

The chiral centers of the compounds of the invention may have either the R . & or n,a 
configuration. The terms "R" and «S" configuration are as defined by IUPAC 1974 Recommendafions for 
Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30. ^ nMafi in 

The term "N-protecting group" or "N-protected" as used herein refers to those groups .nt ended to 
protect nitrogen atoms against undesirable reactions during synthetic procedures or to prevent he attec ; of 
^peptidases on the final compounds or to increase the solubility of the final compounds and hncludes but 
is not limited to acyl. acetyl, pivaloyl. t-butylacetyl. trichloroethoxycarbonyl. t-butyloxycarbony (Boc). 
benzyloxycarbonyl (Cbz) or benzoyl groups or an L- or D- aminoacyl residue, which may itself be N- 

^SfterSeralky." as used herein refers to straight or branched chain alky, radicals contain^ from 
1 to 7 carbon atoms including but not limited to methyl, ethyl, n-propyl. iso-propy , n-buty , is^butyK sec- 
butyl n-pentyl, 1-methylbutyl, 2,2-dimethylbutyl. 2-methylpentyl. 2.2-dimethylpropyl. n-hexy and the like. 
The term "loweralkenyl" as used herein refers to a loweralkyl radical which contains at least one 

carbon-carbon double bond. 

The term "aminoalkyl" as used herein refers to -NH 2 appended to a loweralkyl radical. 

The term "hydroxyalkyl" as used herein refers to -OH appended to a loweralkyl radical. 

The term "alkylamino" as used herein refers to a loweralkyl radical appended to an NH radical. 

The term "cycloalkyi" as used herein refers to an aliphatic ring having 3 to 7 carbon atoms. 

The term "cycloalkylalkyl" as used herein refers to an cycloalkyi group appended to a loweralkyl 
radical, including, but not limited to cyclohexylmethyl and the like. 

The term "cycloalkenyl" as used herein refers to an aliphatic ring having 3-7 carbon atoms and 
aisohaving at least one carbon-carbon double bond including, but not limited to. cyclohexenyl and thel.k . 
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The term "cycloalkenylalkyl" as used herein refers to a cycloalkenyl group appended to a loweralkyl 
radical. 

The term "aryl" as used herein refers to a monocyclic or bicyciic carbocyclic ring system having one or 
more aromatic rings including, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl and the like; 
5 or "aryl" refers to a heterocyclic aromatic ring as defined herein. Aryl groups can be unsubstituted or 
substituted with one, two or three substituents independently selected from loweralkyl, haloalkyl. alkoxy, 
thioalkoxy. amino, alkylamino, dialkylamino, hydroxy, halo, mercapto, nitro. carboxaldehyde, carboxy and 
carboxamide. 

The term "arylalkyl" as used herein refers to an aryl group appended to a loweralkyl radical including, 
10 but not limited to benzyl, naphthylmethy! and the like. 

The terms "alkoxy" and "thioalkoxy" as used herein refer to R 3 oO- and R30S-. respectively, wherein 
R 30 is a loweralkyl group or a cycloalkyl group. 

The term "alkoxy alkoxy" as used herein refers to an alkoxy group appended to an alkoxy radical, 
including, but not limited to methoxymethoxy and the like. 
75 The term "alkoxyalkyl" as used herein refers to an alkoxy group appended to a loweralkyl radical. 
The term "(thioalkoxy )alky I" as used herein refers to thioalkoxy appended to a loweralkyl radical. 
The term "dialkylamino" as used herein refers to -NR 3 iR 3 2 wherein R31 and R32 are independently 
selected from loweralkyl groups. 

The term n ((alkoxy)alkoxy)alkyl" refers to an alkoxy group appended to an alkoxy group which is 
20 appended to a loweralkyl radical. 

The term "(N-protected)amino" as used herein refers to -NHR33 wherein R 33 is an N-protecting group. 
The term "(N-protected)(alkyl)amino" as used herein refers to -NR33R3* wherein R 33 is an N-protecting 
group and R34 is a loweralkyl group. 

The term "N-protected aminoalkyl" as used herein refers to -NHR35 appended to a loweralkyl group, 
25 wherein R35 is an N-protecting group. 

The term "alkylaminoalkyl" as used herein refers to -NHR 36 appended to a loweralkyl radical, wherein 
R 36 is a loweralkyl group. 

The term "(N-protected)(alkyl)aminoalkyl" as used herein refers to -NR35R3G, which is appended to a 
loweralkyl radical, wherein R35 and R3B are as defined above. 
30 The term "dialkylaminoalkyP as used herein refers to -NR39R40 is appended to a loweralkyl radical 
wherein R39 and R40 are independently selected from loweralkyl. 

The term "polyalkoxy" as used herein refers to -ORu wherein R*i is a straight or branched chain 
containing 1-5, C w -0-C x linkages wherein w and x are independently selected from 1 to 3, including, but not 
limited to methoxyethoxymethoxy, ethoxyethoxymethoxy and the like. 
35 The term "(polyalkoxy)alkyl" as used herein refers to a polyalkoxy group appended to a loweralkyl 
radical. 

The term "(heterocyciic)alkyl" or "heterocyclic ring substituted alkyl" as used herein refers to a 
heterocyclic group appended to a loweralkyl radical, including but not limited to imidazolylmethyl, thiazolyl- 
methyl and the like. 

40 The term "azidoalkyl" as used herein refers to -N 3 appended to a loweralkyl radical. 

The term "carboxy alkyl" as used herein refers to a carboxyllc acid group (-COOH) appended to a 
loweralkyl radical. 

The term "alkylsulfonyl" as used herein refers to R42S(0) 2 - wherein R* 2 is a loweralkyl residue. 
The term "alkylsulfonylalkyl" as used herein refers to an alkylsulfonyl group appended to a loweralkyl 
45 radical, 

The term "thioaryloxy" as used herein refers to FU 3 S-wherein R43 is an aryl group. 
The term "thioaryloxyalkyl" as used herein refers to a thioaryloxy group appended to a loweralkyl 
radical. 

The term "arylsulfonyl" as used herein refers to R*4S(0) 2 - wherein R*4 is an aryl group. 
50 The term "arylsulfonylalkyl" as used herein refers to an arylsulfonyl group appended to a loweralkyl 
radical. 

The term "(alkoxyalkyl)(alkyl)amino" as used herein refers to -NRasRib wherein R45 is an alkoxyalkyl 
group and R*s is a loweralkyl group. 

The term n (alkoxyalkoxyalkyi)(alky!)amino" as used herein refers to -NR47R48 wherein R* 7 is an 
55 alkoxyalkoxyalkyl group and R*8 Is a loweralkyl group. 

The term "halo" or "halogen" as used herein refers to CI, Br, F or I substituents. 
The term "haloalkyl" as used herein refers to a loweralkyl radical in which one or more hydrogen atoms 
are replaced by halogen including, but not limited to, fluoromethyl, 2-chloroethyl, trifluoromethyl, 2,2- 
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10 



75 



20 



25 



d ° Z Z WotSng group" as used herein refers to a substituent which protect 
andlSutsW is Z limited to substituted methyl ethers, for example, methoxymethyl for 
a"m Th^oSmemyl. 2-<trimethy.silyl)ethoxymethy. and tehahydropyranyl; substituted e*yl efrers. for 
V!J!i ?2m3EK*v . t-butyl. benzyl and triphenylmethyl; silyl ethers, for exampte tr.me^yls.lyl t- 
SmetoylsiM and t-butyldiphenylsilyl; cyclic aceta.s and ketals. for xample. me hylene aceta I. c- 
%£T2 SnzySene aceta.; cyclic ortho esters, for example, methoxymethylene; cyclic carbonates, and 

cyclic^boronate^ heterocyclic" as used herein refers to any 3- or 4-memberec > ring 

conSng The ZESL seated' from oxygen, nitrogen and sulfur, or a 5- or 6-membered 
from one to three heteroatoms selected from the group consisting of nitrogen oxygen, 
he 5-membered ring has 0-2 double bonds and the 6-membered ring has 0-3 double bonds, wherein the 
nitrogen ZTi fur heteroatoms may optionally be oxidized; wherein the nitrogen 

be quaternized; and including any bicyclic group in which any of the above J222?5^££S£J 
benzene ring or another 5- or 6-membered heterocyclic ring independently as defined above. Heterocyclics 
Twhlch 2gen is the heteroatom are preferred. Fu.ly saturated heterocyclics are *>PJI^ 
heterocyclics include: pyrryl. pyrro.inyl. pyrrolidinyl. pyrazolyl, ?^^ r ^" m ^Z^ N* 
idazolinvl imidazolidinyl, pyridyl. piperidinyl. pyrazinyl. piperazinyl. N-methyl p.perazinyl. azeUdmy i n 
mSl azetTdS pyrim idinyl. pyridazinyl. oxazolyl. oxazolidinyl. isoxazolyl. isoxazol.d.nyl morphotoyl. 
ZX SSdinyJ! isothiazolyl isothiazolidinyl. indolyl. quinolinyl. isoquinolinyl. benz.m.dazolyl. ben- 
zothiazolvl benzoxazolyl, furyl. thienyl. triazolyl and benzothienyl. «««,ti« 

SocScs c^, be unsubstituted or monosubstituted or disubstituted with subsftutents mdependently 
selecid fSm hy^x! T halo, oxo ( = 0). alkylimino (R'N- wherein R" is a ioweralky. group), ammo, 
alkylamino.dialkylamino.alkoxy.polyalkoxy.loweralkyl.cycloalkylorhaloal^ oiD9ra2 j n vl 

The most preferred heterocyclics include imidazolyl. pyridyl. p.peraz.nyl. N-methyl pperazinyl. 
azetidinyf, N-methyl azetidinyl. thiazolyl, thienyl, triazolyl and the followmg: 
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wherein b is 1 or 2 and Rso is N. NH. 0. S. provided that Rso is the point of connection only when R so is N. 



0 



wherein R51 is NH, N-loweralkyl. 0, S, or S0 2 . or 
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f<\ 

-f€>> . t©> - T©/ 52 

^Rs3 

(i) (ii) (HO 

wherein the symbols (i), (ii) and (iii) represent 5-membered heterocycles containing one or more heteroat- 
10 oms and containing 2 double bonds; wherein R 52 is N, 0, or S and not the point of connection and R53 is N 
when it is the point of connection and NH, 0 or S when it is not the point of connection. 

The terms "Ala". "His", "Leu", "Phe", "Tyr". "Cys", "Gly". "Lys", "Sar", "Pro" and "norLeu" as used 
herein refer to alanine, histidine, leucine, phenylalanine, tyrosine, cysteine, glycine, lysine, sarcosine. proline 
and norleucine, respectively. In general, the amino acid abbreviations follow the IUPAC-IUB Joint Commis- 
'5 sion on Biochemical Nomenclature for amino acids and peptides (Eur. J. Biochem. 1984, 158. 9-31). 

The compounds of 'the invention may be made as shown in Schemes 1-10. The syntheses of segments 
containing substituents R 5 are described in .the Examples or have previously been described (Kempt, et al.. 
J. Med. Chem. 1987. 30. 1978; Luly. et al.. J. Med. Chem. 1987, 30, 1609; Buhlmayer, et al.. U.S. Patent 
No. 4,727.060* Morisawa, et al. s European Patent Application No. 0228192; Ten Brink, PCT Patent 
20 Application No. WO87 02986). 

Scheme 1 discloses a general method for the synthesis of compounds of the invention containing 
substituted piperazines. The process involves reaction of the appropriately substituted piperazine with an 
alph-halo ester. The ester 2 is hydrotyzed (LiOH/MeOH/H 2 0) and then coupled to the appropriately 
functionalized amine (in this case 2-amino-1-cyclohexyl-3,4-dihydroxy-6-methyl heptane) using a EDAC, 1- 
25 (3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, or other standard peptide coupling methods to 
provide the desired product 4. 

Scheme 2 discloses a general method for the synthesis of compounds of the invention containing N- 
substituted benzyl piperazines. The dipeptide 5 is synthesized using a mixed anhydride coupling method. 
The diketopiperazine 6, which is formed by heating 5_ in refluxing xylene, is reduced (excess lithium 
30 aluminum hydride (LAH) in THF) to give 7. Reaction of 7 with an alpha-bromo ester (in this case ethyl 2- 
bromo hexanoate) gives 8. The amine 8~is protected (Boc-anhydride in CH2CI2) and then the ester is 
hydrolyzed (LiOH/MeOH/HlQ). The free acid 9 is then coupled to the hydrochloride salt of the appropriately 
functionalized amine ( in this case 2-amino-T-cyclohexyl-3,4-dihydroxy-6-methyl heptane) using EDAC or 
other standard peptide coupling methods to provide 10. 
35 Scheme 3 discloses a general method for the synthesis of benzyl ketopiperazine containing compounds 
of the invention. The reduced dipeptide U, is synthesized by oxidation of the precursor protected amino 
alcohol, followed by a reductive amination. The free amine of U is reacted with an alpha-bromo ester such 
as benzyl bromoacetate to give 12, which is deprotected by hydrogenolysis and then cyclized with EDAC- 
HOBT (hydroxybenzotriazole) or other peptide or lactam forming agents. The lactam-ester 13 is hydrolyzed 
40 (LiOH/dioxane/H 2 0) and then coupled to the hydrochloride salt of the appropriately functionalized amine (in 
this case 2-amino-1-cyclohexyI-3.4-dihydroxy-6-methyl heptane) using a standard peptide coupling method 
such as EDAC to give the desired product 14. 

Scheme 4 discloses a method for synthesizing substituted ketopiperazines of the invention which are 
isomeric with those prepared in Scheme 3. The methyl ester of D-Phe is protected with Boc-anhydride and 
45 then allylated with ally! bromide. The intermediate 15 is oxidized to aldehyde 16. Aldehyde 16 is coupled to 
an amino acid by reductive amination and then cyclized. The lactam-ester 18 is hydrolyzed 
(LiOH/water/dioxane) and then coupled to the hydrochloride salt of the appropriately functionalized amine (in 
this case 2-amino-1-cyclohexyl-3.4-dihydroxy-6-methyl heptane) to give the desired product 20. 

Scheme 5 discloses the synthesis of compounds of the invention containing substitued delta-lactams. 
so Valerolactone is alkylated (in this case with a benzyl group) by lithiation at -78* C in THF followed by an 
alkyl halide (benzyl bromide). The resulting lactone 211 is transesterified with benzyl alcohol. The primary 
alcohol 22 is oxidized using Swern conditions and then reductively aminated with an amino acid ester such 
as L-norieucine methyl ester. The benzyl ester 24 is subjected to hydrogenolysis to remove the benzyl 
group and the amino acid is cyclized to giv lactam 25 using EDAC or other standard peptide coupling or 
55 lactam forming methods. The lactam-ester is hydrolyzed and the acid is coupled to the hydrochloride salt of 
the appropriately functionalized amine (in this case 2-amino-1-cyclohexyl-3.4-dihydroxy-6-methyl heptane) 
to give the desired product 26. 

Scheme 6 discloses a general method for synthesizing compounds of the invention containing amino 
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substituted gamma- and delta-lactams. Compound 27 (J. AM. Chem. Soc. 79 5736 (1957)) » deprotonated 
and alkylated with allyl bromide to provide 28. Hydrolysis (aq. sodium hydroxide) followed by acidification 
provides the acid corresponding to 29. which is treated with excess ethereal diazomethane to provide .29. 
Oxidation of 29 gives aldehyde. 30a."Reductive amination of 30a with th methyl st r of the desired ammo 
acid hydrochloride salt (in this~ca"se His-OMe) provides the amino ester 31b. which is cycliz d to the 
corresponding lactam 32 (n-1). The lactam ster 32 is hydrolyzed to the corresponding acid. The acid is 
coupled to the hydrdchloride salt of the appropriately functionalized amine (in th.s case 2-amino-i- 
cyclohexyl-3.4-dihydroxy-6-methy) heptane) through a standard solultion phase peptide coupling method 
using a water soluble carbodiimide to give the desired product wherein n = 1 . 

Hydroboration of 28 followed by oxidation gives the aldehyde 30b. Reductive am.nat.on of 30b with the 
methyl ester of the diiired amino acid hydrochloride salt (in this case L-His-OMe) provides 31b. Lactam 
ester 32 (n = 2) is produced by refluxing a methanolic solution of 31b with iscpropyl amine. Ester hydrolysis, 
followed by coupling to the hydrochloride salt of the appropriately functionalized amine (.n this case 2- 
amino-1-cyclohexyl-3.4-dihydroxy-6- methyl heptane) using EDAC or other standard peptide coupling 
methods, provides the desired product wherein n = 2. 

Scheme 7 discloses a general method for synthesizing compounds of the invention containing an oxa- 
lactam For example, D-phenylalanine is converted to D-3-phenyllactic acid 33. which is estenfied o 
produce 34. The free hydroxy group is allylated with allyl bromide to provide ester 35. which is oxidized to 
the aldehTde 36. The aldehyde 36 is reductively aminated with the appropriate amino acid ester (in this 
case L-His-OMij to give amino Tster 37. which is thermally cyclized to lactam 38. Uctam ester 38 is 
hydrolyzed and the imidazole nitrogen iTprotected as the N-t-Boc derivative. The acid is then coup,ed to 
the hydrochloride salt of the appropriately functionalized amine (in this case 2-amino-1-cyclohexyl-3.4- 
dihydroxy-6-methyl heptane) using EDAC or other standard peptide coupling methods to produce the 

deS 'sdieme fdS'loses a method for the synthesis of compounds of the invention containing an N-terminal 
substituted gamma-lactam. A mixed diester 40 is converted to acids 41 or 42. which are ^uced to 
alcohols 43 or 44. respectively. Alcohols 43 and 44 are then oxidized to aldehydes 45 and 46. Reductive 
amination-f 46^ith the appropriate aminolcid ester (in this case L-His-OMe di-p-toluenesulfon.c acid sart) 
provides amino ester 48. This compound is converted to the free acid, which is then cyclized to 49. 
Similarly, reductive amFation of 45 leads directly to the cyclic derivative 47. Protection of the imidazole 
nitrogen of 47 and 49 as the N-t^Boc derivative, followed by ester hydrolysis, leads to acids 50 and 
Amide formation withlhe hydrochloride salt of the appropriately functionalized amine (in this case 2-am.no- 
1-cyclohexyl-3.4-dihydroxy-6-methyl heptane) using EDAC or other standard peptide coupling methods, 
followed by imidazole deprotection, affords 52 and 53, respectively. 

Scheme 9 discloses a method for the synthesis of compounds of the invention containing an 
unsubstituted N-terminal cyclic urea. For example. Boc-phenylalanol 54 is oxidized to the aldehyde and 
reductively aminated with the appropriate amino acid ester (in this case L-His-OMe di-p-toluenesulfon.c acd 
salt) to give mono-protected diamine 55. Removal of the protecting group and cyclization affords cyclic urea 
56 Protection of the imidazole nitrogen and benzyl ester .hydrogenolysis provides the acd 57. Am.de 
formation with the hydrochloride salt of the appropriately functionalized amine (in this case 2-amino-1- 
cyclohexyl-3.4-dihydroxy-6-methyl heptane) using EDAC or other standard peptide coupling methods, 
followed by imidazole deprotection, affords 58. / 

Scheme 10 discloses a method for the" synthesis of compounds of the invention containing an N- 
substituted N-terminal cyclic urea. For example, phenylalanine methyl ester hydrochloride salt .s reductive y 
alkylated with an aldehyde or ketone (in this case isobutanal) and the resulting amine is protected to 
provide ester 60. The ester is reduced to the alcohol and the alcohol is oxidized to the aldehyde 61. 
Treatment of this aldehyde as described in Scheme 9 provides the desired compound 62. 

Scheme 11 discloses a general method for the synthesis of benzyl ketopiperazine containing com- 
pounds which are isomeric with the compounds of Scheme 3. Alkylation and protection of amino-alcohol 63 
provides alcohol 64. Oxidation and reductive amination of 64 gives diamine 65. Ring closure to 66. followed 
by coupling to the" hydrochloride salt of the appropriately functionalized amine (in this case 2-am.no- - 
cyclohexyl-3.4-dihydroxy-6-methyl heptane) using EDAC or other standard peptide coupl.ng methods to 

^SchSie 12 discloses a general method for synthesizing compounds of the invention containing a 
sulfonyl substituted ketopiperazine. Compound 68 is sulfonylated, followed by ring formation, to give 
compounds such as 70 and 72. Deprotection and coupling of the resulting acid with the appropriately 

functionalized amine provides products such as 71_ and 73. 

Scheme 13 discloses a general method for synthesizing compounds of the invention containing amino 
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substiut d delta-lactams. Compound 32 (Scheme 6. n = 2) is treated with H 2 and Pd/C in acetic acid, 
followed by treatment with toluenesulfonyl chloride, to produce di-tosylate 75. Treatment of 75 with LiOH 
followed by ditertbutyldicarbonate, produces acid 76. Acid 76 is coupled to the appropriately nationalized 
amine using EDAC. or other standard peptide coupling methods, to provide the desired product wherein 

5 " Scheme 14 discloses a general method for synthesizing compounds of the invention containing amino 
substituted delta-lactams which do not contain histidine residues. Compound 30b (Scheme 6. n = 2) is 
reductively alkylated with the corresponding amino acid methyl ester and the resulting product is thermally 
cyclized to delta-lactam 77. Treatment of 77 with HBr/HOAc, followed by reaction with sulfonyl chlorides or 
io sulfamoyl chlorides, produces the amino protected compound 78. Ester hydrolysis of 78, followed by 
coupling to the appropriately functionalized amine using EDAC or other standard peptide coupling methods, 
provides the desired product wherein n - 2. 

Scheme 15 describes an improved synthesis for the amine in Example 139. The lactone 82 was 
reduced with LAH at room temperature in 5 min and then cyclized under Mitsonobu condition to give the 
is tetrahydrofuran derivative 84 in high yield. The free amine 85 was obtained by deprotection of 84 under 
acidic condition followed by a basic work-up with saturated NaHC0 3 . 

Scheme 16 discloses a general method for the synthesis of the compounds of the invention containing 
an N N-disubstituted terminal amino group. Treatment of lactam ester 78 with various aldehydes and 
sodium cyanoborohydride in inert solvents produces the N-alkyl compound 79. Standard ester hydrolysis 
and coupling to various amines using standard peptide coupling methods produces the final inhibitors. 

Scheme 17 discloses an improved method for the synthesis of lactam intermediates such as 32 and 77 
which are used in the synthesis of compounds of the invention. Compound 86 (J. Chem. Soc. (c). 329. 
1971) is deprotonated and alkylated with ally! bromide to provide 87. Hydrolysis (aq. lithium hydroxide 
tollSwed by acidification) affords the amino acid which is treated with CBZ-NOS and then paraformaldehyde 
to give chiral oxazolidinone 88. Hydroboration of 88 (9-BBN then NaOOH) and oxidation to the aldehyde 
(PCC) is followed by reductive alkylation with amino acid esters to provide the lactams. 
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a: K 2 C0 3 . EtOH; b: LiOH, MeOH-H 2 0; c: HOBT, EDAC. Amine.HCI 
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Mixture of Diastereomers 



40 a: Mixed anhydride coupling followed by HCI/Dioxane 

b: Heating in Xylene for 6 h 

c: LAH in THF, Reflux overnight 

d: Ethyl Bromohexanoate, K 2 C0 3 . Dioxane, Reflux for 2 h 

e: l BOC-Anhydride, CH 2 CI 2 
45 f: Hydrolysis followed by EDAC coupling of the amine 

Scheme-3 
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a: SOa-Pyridine 
25 b: nor-Leu-OMe, NaCNBH 3 

c: Benzyl bromoacetate, Na 2 C0 3 , Dioxane 

d: H 2 -Pd, MeOH 

e: EDAC, HOBT, DMF 

f: UOH, H 2 ODioxane 
30 g: EDAC, HOBT, Amine.HCI, DMF 

f Scheme-4 
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a: 'BOC-Anhydride, CH 2 cC 2 

b: NaN(TMS)2, Allyl Bromide, DMF 

c: Ozone, CH2CI2 

d: nor-Leu-OMe, NaCNBH 3 

e: Reflux in Xylene 

f: LiOH, H 2 0-Dioxane 

g: EDAC. HOBT, Amine.HCI, DMF 
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a: LDA, Benzyl Bromide, THF b: Methanol/Sulphuric Acid followed by Benzyl Alcohol/TsOH, Reflux c: 
Oxalyl Chloride, DMSO.TEA'd: L-nor-Leu-OMe, Sodium Cyanoborohydride IPA e: Hydrogen, 10% Pd-C, 
MeOH f: EDAC, HOBT.TEA.DMF g: LiOH. Diox-Water h: HCLAmine, EDAC, HOBT. TEA, DMF 

Scheme-6 
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a: KHMDSJHF.-78 - Callyl bromide 

b: aq. NaOH; hT; CH 2 N 2 

c: 03,-78* C,thenMe 2 S 

d: 9-BBN/THF,NaOOH;PCC 

e: His-OMe,NaOAc,NaCNBH 3 

f: HOBTJoluene:DME.reflux 

g: 2 eq. isopropylarnine.MeOH, reflux 

h: aq.UOH;EDAC,Amine 

Scheme-7 
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a: HN0 2 

b: MeOH, TsOH, reflux 
c: NaH, DMF, allyl bromide 
d: 0 3t -78* C, Me 2 S 
e: His-OCH 3 ,NaOAc,NaCNBH 3 
f: MeOH t reflux 

g: UOH, BocOBoc, amine, EDAC, HOAc 

SCHEME 8 
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a: CF3CO2H; b: H 2 , Pd/C; c: BH3/THF; d: CICOCOCI, DMSO, TEA; e: H-His-OBn*TsOH 2 , NaOAc, 
NaCNBH 3 ; f: CF 3 C02H, then EDAC, HOBT; g: Boc-O-Boc, then H 2f Pd/C; h: EDAC, HOBT, Amine, then 
HOAc. 

SCHEME 9 
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a; CICOCOCI, DMSO, TEA; b: H-His-OBfTTsOH 2 , NaOAc, NaCNBH 3 ; c: CF 3 C0 2 H, then CDI; d: Boc-O- 
Boc, then H 2| Pd/C; e: ED AC, HOBT, Amine, then HOAc; f: (CH 3 ) 2 CHCHO, NaOAC, NaCNBH 3l then Boc-O- 
Boc; g: Ca(BH*) 2 . 

Scheme-1 1 
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a) Benzyl bromoacetate, TEA, THF 

b) BOC-Anhydride, Methylene Chloride 
to C ) Pyridine-S03 

d) L-nor-leu-OMe, NaCNBH 3 , IPA 

e) Reflux in Xylene 

f) NaOH, MeOH-H 2 0 

g) Amine, EDAC, HOBT, DMF, TEA 

45 

Scheme-12 
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I N 



1) Hytirocenation 

2) ED AC coupling 



BOC 



Ph 



1 
•S 



22 

HCVDioians 



BOC 



i. = NH-Bu 
OA A 



r 

-O -SOj-X 00 



2* 



9° o 
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a:H 2 . Pd/C,HOAc 
30 fcTsCI.NMM.DMAP.ChfeCk 
c:LiOH,H 2 0 

dBocOBoc r 
e: Amine.EDAC.HOBT 
f: HOAcJHF.HzO 

35 

Scheme 14 
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5 



10 



75 



20 



25 




a: Thiazolylalanine-OCHs. NaCNBhb, NaOAc 
b: MeOH, NaOAc, Reflux 
c: HBr/HOAc 

d: RS0 2 Ci,DMAP. NMM, DMF 

e: LiOH,H 2 0 

f: Amine.EDAC, HOBT 

Scheme-15 
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Thiazolyl 



PhCH 2 y, 



RSOjNH > (CH^, 

71 



COOCHj 
\or2 



TWazolyl 

• (CHA, . , 

n= I or 2 

22 



"COOCHj 



RSOjNK 



R . Tosyl or N-meihylpipcrazinyl 



R' ■ Methyl. Ethyl, etc 



b.C 



Ihiazolyl 



RSO2NR' > (CH^ O 

n»l or 2 




61 



EP 0 365 992 A1 



a: R'CHO, NaCNBH 3l CH 3 CN 

b: LiOH,H 2 0 

c: Amine. EDAC, HOBT 

SCHEME 17 





a: LiHMDS,DMPU.Allyl Bromide 

b: LiOH,H 2 0 

c: 1N HCI 

d: Cbz-Nos 

e: HCHO. TsOH 

f: 9-BBN 

g: NaOOH 

h: PCC 

i: Thiala-OCH 3l NaCNBH 3 
j: NaOAc,MeOH,Reflux 

Particularly useful intermediates for the preparation of the novel compounds of this invention 
compounds of the formula: 




or an acid halide or activated ester derivative thereof. 
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X is 

(I) N. 

(II) 0 or 
(ill) CH. 

5 Ri is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl, 

70 (V) heterocyclic, or 
(VI) Rs-Q- wherein 
1) FU is 

i) loweralkyl, 

ii) amino. 

rs ii) alkylamino, 

iv) dialkylamino, 

v) (alkoxyalkyl) (aikyl) amino, 

vi) (alkoxyaikoxyalkyl) (alkyl) amino, 

vii) aryl, 

20 viii) arylalkyl, 

ix) aminoalkyl, 

x) (N-protected)aminoalkyl, 

xi) alkoxy 

xii) substituted loweralkyl wherein the substituent is selected from alkoxy. thioalkoxy, halogen, 
25 alkylamino, (N-protected)(alkyl)amino and dialkylamino, 

xili) 



30 



35 




(CH£}„ 



wherein m is 1 to 5 and R 7 is hydrogen, hydroxy, alkoxy, thioalkoxy, alkoxyalkoxy, polyalkoxy, amino, (N- 
protected)amino, alkylamino, (N-protected)(alkyl)amino or dialkylamino; or 
xiv) 



40 



\ / 



wherein R 8 is 0. S. S0 2 . 0 = C or R 9 N wherein R 9 is hydrogen, loweralkyl or an N-protecting group; 
2)Qis 

i) C = 0 or 

ii) CH 2 , with the proviso that X is N when Ri is an N-protecting group; 
(VII) R 5 *S{0) 2 - wherein R 5 4 is 

1) amino, 

2) dialkylamino 

3) dialkylamino, 

4) loweralkyl, 

5) haloalkyl, 

6) aryl, 

7) p-biphenyl, 

8) heterocyclic or (VIII) (RssfePp)- wherein R 5 s is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino. A and L are independently selected from 
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(I) abs nt. 

(II) C = 0. 

(III) S0 2 and 

(IV) CH 2 . 
5 D is 

(I) C = 0, 

(II) S0 2 or 

(III) CH 2 . 
Yis 

io (I) N or 
(II) CH. 
R 2 is 

(I) hydrogen, 

(II) loweralkyl, 

ts (III) cycloalkylalkyl, 

(IV) -CH 2 -Ri 0 -(CH 2 ) q -Rii wherein 

1) q is 0, 1 or 2, 

2) Rio is absent or Rio is 0, NH or S only when q is 1 or 2, and 

3) Ri i is 
20 i) aryl or 

ii) heterocyclic. Z is 

(I) hydrogen or 

(II) -R 28 C(0)R 29 , -R 28 S(0) 2 R 29 or -R 28 -C(S)R 2 9 wherein 

1) R 2 a is 
25 i) NH, 

ii) -N(R 20 o)- wherein R 2 oo is loweralkyl or benzyl or 

iii) CH 2 and 

2) R 2 $ is 

i) alkoxy, 
30 ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylamino, r 

v) aryl or 

vi) heterocyclic. R3 is 
35 (!) hydrogen, 

(II) loweralkyl, 

(III) loweraikenyl, 

(IV) cycloalkylalkyl, 

(V) cycloalkenylalkyl, 
40 (VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 
(Villi) (alkoxyalkoxy)alkyl, 

(IX) (polyalkoxy)alkyl, 

(X) arylalkyl or 

45 (XI) (heterocyclic) alkyl. 
n is 0 or 1 . 

Acid halide derivatives of the above intermediates include the acid chloride. Activated ester derivatives 
of the above intermediates include activated esters commonly used by those skilled in the art for activating 
carboxylic acid groups for coupling with an amine to form a peptide bond, including, but not limited to 
50 formic and acetic acid derived anhydrides, anhydrides derived from alkoxycarbonyl halides such as 
isobutyloxycarbonylchloride and the like, N-hydroxysuccinimide derived esters. N-hydroxyphthalimide de- 
rives esters. N-hydroxybenzotriazole derived esters, N-hydroxy-5-noi*ornene-2.3-dicarboxamide derived 
esters, 4-nitrophenol d rived esters, 2,4,5-trichlorophenol derived esters and the like. 
Novel compounds of the invention include the following. 

55 
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Preferred compounds of the invention include: 
3-(3-Thiazoly l)-2.(3R-ben2yl-4-N-(N-methylpipera2yl).sulfonyl-2-keto-piperazin-1 -yl)-propionic aad Amide of 
Butyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(R)-isopropylhexan-amide; 

yl)-propionic acid Amide of <2S, 1R, 5S)-3-Ethyl-5-(1 -hydroxy-2 -amino-3 -cyclohexylpropyDoxazoi.d.n-^ 



3-(2-imidazolyl)-2-(3R-te^^^ ac,d Am,deot 

(2S i'R,5S)-3-Ethy!-5-(r-hydroxy-2'-amino-3 *yclohexyipropyl)oxazolidin-2-one; 

3-(3N-tert-butyloxycarbonyl^ 
55 ylVpropionic acid Amide of 2(S)-Amino-1-cyclo^^ 

fr<2-imidazolyl)-2-<3R*enz^^^^^ ac,d ^ of 

2(ShAmino-1-cyciohexyl-3(R),4(S)-dihydroxy-6-methylheptane; 

3 .(3N-tert*utylo^ 
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10 



yl)-propionic acid Amide of 2(S)-Amino-3-cyclohexyl-1(R)-hydroxy)propyl-4(S)-methyltetrahydrofuran; 
VwttL*^ -yl)-prop.onic ac.d Am.de of 

2(S)-Amino-3-cyclohexyl-1(R)-hydroxy)propyl-4(S)-melhyltetrahydrofuran: „..„.. nrrtnirinic 

(2SH(3S)-(N-methylpip razinsulfonyl)-amino-3-ph nylmethyl-2-oxo-1-pipend.nyl)3-(4-thia2olyl)-propion.c 
add amide of 2(S)-AminoO-cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane; MldMotM n 
(2S)-Methyl-((3S)-((N-methylpiperazinsulfonyl)-amino-3-phenylmethyl-2-oxo-1-p«pendinyl)-3-(4-th.azolyl^ 

propionic acid amide of 2(S)-Amino-1 .cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane; and 
(2SV2-((1-tert-butyloxycarbonyl)-1-imidazoM-yl-methyl)-3-((3(S)-{4-methyl-benzenesulfonyO 
Lnylmethyl-2-oxo-1-piperidinyl) amide of 2(S)-Amino-1-cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane. 

The following examples will serve to further illustrate preparation of the novel compounds of the 
invention. 

Example 1 



(5 



20 



25 



30 



35 



AO 



2 (S)-t-Butyloxycarbonylamino-1-cyclohexyl-6-methylhept-3-ene. 

To a stirred -78* C solution of Boc-cyclohexylalanine methyl ester (40 g, 140 mmol) in anhydrous 
toluene (250 ml) was added diisobutylaluminum hydride (130 M%. 1.5 M solution in toluene, 121.4 mj at a 
rate to keep the internal temperature below -60* C. After stirring for an additional 20 m.nutes at -78 C. the 
aldehyde solution is used immediately as described below. m 

To a potassium hydride (35% dispersion in oil, 32.09 g) suspension in a 0 C ^e of anhydrous 
THF/DMSO (1000 ml/200 ml) under dry N 2 was added 1 .1 .1 ,3,3.3-hexamethyldis.lazane (209 M /o. 49.07 g) 
dropwise. After stirring at 0'C for 1 hour, the resuming solution was added via cannula to a 0 c flask 
containing isopentyltriphenylphosphonium bromide (209 M%, 125.66 g). The mixture was starred vigorously 
for 1 hour at which time it was cooled to -78*0. The -78* C alkdehyde solution prepared above as then 
added via cannula. After stirring at -78* C for 1 5 minutes, the mixture was allowed to slowly want . to > room 
temperature and then heated to 40* C for 12 hours. The mixture was then cooled to room temperature and 
quenched with methanol (7.65 ml) followed by aqueous Rocheile salts (100 ml saturated solution and 500 
ml H 2 0). The mixture was then extracted with ethyl acetate (2x). The combined extracts were washed with 
water and brine. Drying (MgSO*) and evaporating provided crude alkene which was ch romatographec I on 
silica gel (ether/ hexane) to give 16.5 g (38%) of the desired compound as an 85:15 modure of csdrans 
isomers, m.p. = 53-55* C. Mass spectrum: M = 309. 
Anal. Calcd. for Ci 9 H 3 sN0 2 : C. 73.7; H. 11.4; N. 4.5. 
Found: C. 73.8; H. 1 1 .4; N. 4.5. 

Example 2 



4 S 2fS VAmino-1-cyclohexyl-3,4-dihydroxy-6-methylheptane: The 3CRWS). 3(S)4(S), 3(R)4(R). and 3jS)4(R) Dig- 
stereomers. 

To a solution of the resultant compound of Example 1 (8.50, 27.5 mmol) in dry THF (150 ml) were 
so added OsO* (2.8 ml of a 2.5% solution in t-butanol and N-methylmorpholine N-oxide (9.28 g. 68.7 mmol). 

After 4 days tie mixture was partitioned between ether (200 ml) and brine (100 ml). The aqueous layer was 

back-extracted with ether (2 x 100 ml), and the combined organic phase was washed with 10% Na 2 S0 9 . o.i 

M H3PO4. and brine. Drying (MgSO<) and evaporating provided a residue (10.81 g) which was chromatog- 

raphed on silica gel to elute a 60% yield of the 4 diols in the following order. 
55 3(R),4(S) Mass spectrum: (M + H)* = 344 

Anal. Calcd. for C 19 H 3 7NO»: C, 66.4; H, 10.9; N, 4.1. 

Found: C, 66.4; H, 10.8; N. 3.9. ^ 

3(S).4(S) Mass spectrum: (M + H) = 344 
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TO 



20 



Anal. Calcd. for C. s H 37 NO»: C. 66.4; H, 10.9; N, 5.1. 

Found: C, 66.4; H, 11.1; N, 4.0. ^ 

3(R).4(R) Mass spectrum: (M + H)^ = 344 

3(S),4(R) Mass spectrum: (M + H) = 344 

Anal. Calcd. for C.3H37NCU: C, 66.4; H, 10.9; N, 4.1. 

F ° U ?he^ to the corresponding free amine or its ""J* 

th» orocedu e oiven below A 0.17 g (0.50 mmol) portion of the 3(R).4(S)-isomer was added to 5 ml of 4M 
XZTtw^rLJL 1 h at this temperature, solvent and 

under reduced pressure. The residual liquid was dissolved in CH 2 Cl a -to uene (1 :4 rabo) and then con 
coated under reduced pressure which gave the solid hydrochloride salt To obtain the free amuw. the 
HcS was added to a stirring slurry of NH,-H 2 0/AcOEt. The organic «ayer was separated, dned over 
MgSOt. and concentrated in vacuo to produce the desired free amine. 

Example 3 



4(S)-t-Buryloxycarbonylamino-5-cyclohexyl-3(R.S)-hvdroxy-1-pentene. 



To . stirred -78* C solution of Boc-cyclohexylalanine methyl ester (10.2 g, 35.8 mmol) in dry toluene 
(60 SUT^ciSSL*^ hydride (34 ml of a 1.5 M solution toluene^ After 31 ™ «n* 

25 magnesium bromide (108 ml of 1 M solution in tetrahydrofuran (THF)) was added^fte sfrnng 0 MJh- 
0* C the mixture was carefully qulnched with methanol, treated w.th Roche le salts (22 m of satiated 
aqueous ' %L in 140 ml hIo). and filtered. After extracting the solid. ,5 with e hyl acet^e. th 
extracts and filtrate were combined and the organic phase was washed w.th brine <**>™™**" 
evaporated to an oil (10.2 g). Chromatography on silica gel eluting with hexane/ethyl acetate mixtures 

30 provided 6.1 g (60%) of the desired product. 

Anal. Calcd. for CeHzsNCV* H 2 0: C. 66.8; H, 10.3; N. 4.9. 
Found: C. 66.9; H, 1 0.2; H, 4.7. 



35 



40 



45 



50 



Example 4 



4(SVCvclohexylmethyl-5(R.S)-vinyl-2-oxazolidinone. 



The resultant product of Example 3 (2.80 g, 9.88 mmol) in dry dimethylformamide (DMF) (50 ml) was 
addeTtc a of NaH (593 mg of a 60% dispersion * + ™^£ZZ™Jl 
dry DMF (50 ml). After 3 h. the mixture was quenched (750 ml water + 100 ml bnne and parted wrth 
lZ»r « * 100 m l The combined organic phase was washed with brine (3 x 50 ml), dned (MgSO.).filtered 
2 e apVrl I « o?SSV The li spectrum of the crude ^ «££^ 8 
5S 5R diastereomers. Silica gel chromatography gave 80% recovery of pure d-astereomers. 5S. 
Anal Calcd. for Ci 2 H, 9 N0 2 : C, 68.9; H. 9.1; N. 6.7. , 
Kund: C 68.4; H. 9.2; N. 6.5. Mass spectrum: (M + 1)' = 210. 5R: Mass spectrum: (M*1> - 210. 

Example 5 



55 



(3S t 4S)-3"Hydroxy-4>amino-5-cyclohexyl-1-pentene. 
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To the resultant 5S-diastereomer from Example 4 (2.06 g. 9.84 mmol) in d.oxane (180 ml) and water 
(120 ml was add d barium hydroxide octahydrate (6.24 g. 19.8 mmol). The mixture was refluxe fo -18 h 
cooled . iZri. concen trated. taken up in water and extracted with ethyl acetate wh,ch was dned over 
Na 2 SO* and evaporated to afford 1.64 g (91%) of the desired product, m.p.: 59-61.C. 
Anal. Calcd. for CnH 2 i NO: C, 72.08; H, 1 1 .55; N, 7.64. 
Found: C, 71.67; H. 11.68; N. 7.36. 
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Example 6 



(3S.4S)-3-Hydroxy-4-tert-butyloxycarbonylamino-5-cvclohexyl-1-pentene. 

To the resultant compound from Example 5 (1.62 g. 8.84 mmol) in methylene .chloride (2C > ml) was 
added di-tert-butyldicarbonate (1.93 g, 8.84 mmol). The mixture was stirred for 14 h. d.uted «* e% 
acetate, washed sequentially with 0.5 M H 3 PO*. saturated NaHCOa solution and bnne, then dned over 
Na 2 SO» and evaporated to afford 2.51 g (100%) of the desired compound. 

Example 7 



(3S.4S)-3-Methoxyethoxymethoxy-4-tert-butyloxycarbonylamino-5-cyclo hexyl-1-pentene. 

To the resultant compound from Example 6 (2.51 g. 8.84 mmol) in methylene chloride (20 ml) was 
added diisopropylethylamine (4.60 ml. 26.4 mmol) and methoxyethoxychloromethane (3^0 m\ 26.3 mmoO. 
After stimng at room temperature for 24 h the mixture was concentrated, diluted wrth ethyl acetate washed 
with 0.5 M H3PO4, saturated,NaHC0 3 solution, then brine, dried over Na*SO*. and evaporated. Chromatog- 
raphy on-silica gel with ethyl acetate/ hexane mixtures afforded 2,63 g (80%) of the des,red product as an 
oil. EI-MS:M* = 371. 

Example 8 



40 



(2RS.3R.4S)-3-Methoxyethoxymethoxy-4-tert-butyloxycarbonylamino-5-cyclohexyl-1.2-oxopentane. 



To the resultant compound from Example 7 (5.41 g. 14.56 mmol) .n ^thylene cWonde (SOrnO was 
45 added 3-chloroperbenzoic acid (6.28 g). After stirring at room temperature for 60 h the mature was 
concentrated. dMuted with ethyl acetate, washed with cold 1:1 15% aqueous Na 2 S O, ' 
NaHCOa solution (2 x 200 ml), saturated NaHC0 3 solution (3 x 100 ml) then bnne (1 x 100 ml), dned over 
Na 2 SO». and evaporated to afford 4.57 g (81%) product as an oil. EI-MS: M = 387. 



50 



Example 9 



s2*S iRfiSV3.Em vl-5-(1 , -methoxyethoxymethoxy-2^tert-bu1vloxycarbonylami no-3^cyclohexylpropyl)oxa Z olidi 
'■ — '■ " 2-one. " 
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To the resultant compound from Example 8 (310 mg, 0.80 mmol) m isopropanol (5 ml) was added 
ethylene 200 mg. 4 mmol). The mixture was heated at 70* C for 48 h. evaporated and absolved n 
SZe chloride (5 ml). To this solution was added triethylamine (0.34 ml. 2.4 mmol) and phosgene n 
SenC ml 2 mmo 12.5% solution). After 2 h the mixture was diluted with ethyl acetate, washed with 
Oil WOT* turned NaHCO, solution then brine, dried over Ma 2 SO< and evaporatedChromatography 
of «5 residue on silica gel with 1:1 ethyl acetate/hexane provided 14.3 mg (4%) of the 5R ,somer followed 
by 63.0 mg (17%) of the desired 5S isomer, both as oils. 

slSomerf 'H-NMR (CDCIa.TMS) 5 4.83 (d.1H). 4.80 (d.1H). 4.58 (m.1H). 3.49 (s.3H). 1.43 (S.9H). 1.15 



(t,3H). 

io 5R-lsomer: MS (M + H) =459 



Example 10 



is 



20 



25 



Ethyl 2-(4-(2-pyrimidyl)-piperazyl)-hexanoate. 



A suspension of 1-(2-pyrimidyl)piperazine (6 g. 36.6 mmol). ethyl 2 " br ° moh f a " oat ^ 8 ^ 6 T J; 1 "jS 
and powdered K,CO, (5 g. 2 molar equiv) in EtOH (50 ml) was heated under reflux for 3.5 h The reaction 
Tat Sited with H 2 0/Aco!t. The organic layer was washed with brine dried over MgSOi «d cc ince rated 
in vacuo to give 9.2 g crude oil (82% crude yield): DCI-NHa-MS, m/z (relative intensity) 307 (MH 100 /c) 
(8%); <H NMR (CDCI3. 300 MHz) 5 8.30 (d.J = 5Hz,2H). 6.48 (t,J ■ 5Hz,1 H), 4.20 (m,2H), 3.90-3.70 
(m.4H). 3.21 (dd.J = 6.8Hz.1H). 2.75-2.60 (m.4H). 2.10-1.20 (m.9H). and 0.90 (6t.J = 7HZ.3H). 



30 



35 



Example 11 



2-(4-(2-Pyrimidyl)-piperazyl)-hexanoic Acid. 



The ester from Example 10 (4.66 g. 15.23 mmol) was dissolved in MeOH (100 ml) and hydralyzed wrth 
LiOH (2 equiv in 30 ml H 2 0) at room temperature for 2 h. At the end. the free aod was generated by 
adding HcTDioxane solution (4.5 M in HCI. 8.8 ml used). The sample was evaporated to dryness and 
xSJ J l CH 2 C, Evaporation* solvent under reduced pressure ^^XTX 
3.95 g crude acid (84%); DCI-NHa-MS, m/z (relative intensity). 279 (MH . 100%). 233 (10 /c). and 164 



40 (16%). 

Example 12 

45 



PW4.f2.Pvrimi dvn-0lperazin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclohe xvl-3(R).4(SKIihydroxy6-methyl- 
~ ' heptane. 



50 



55 OV 



To a solution containing the free amine from Example 2 (218 mg, 0.89 mmol) HOBT 365 jftSjM 
acid (250 mg. 0.89 mmol) from Example 11 in dry DMF (10 ml) at 0 C under N 2 was added EDAC 73 
S equiv). The reaction was stirred at O'C for 2 h and then at room temperature overngh 1 The Ight 
y l ow solution was diluted with sat NaHCOa and AcOEt. The organic layer was washed wrth bnne dried 
wTmXT!* concentrated in vacuo. The chromatographic purification (silica gel. AcOEt-Hexane. 1:1) of 
the crude product gave two diaitereomers 12A and 12B (275 mg. total yield 61%): 
m?av R. = 0 51 (AcOEt)- m.p. 150-151 c7bCI-NH,-MS. m/z (relative intensrty) 504 (MH . 100%). 416 
(5%),' 2ld 278 (8%t°'H NMR (COCI3. 300 MHz, 6: 8.31 (d.J = 5Hz.2H), 7.00 (NH.d,J = 9Hz,1H), 6.51 
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(t J = 5Hz.1H), 4.48 (b S.1H), 4.35 (m.lH), 3.90-3.72 (m.4H), 3.23 (b S.2H). 2.98 (t, J = 6Hz, 1 H), 2.70-2.55 
(m,4H). 2.00-1.10 (m,«22H), and 1.00-0.80 (m,9H); Anal. (C 28 H«0 3 N 5 ) C.H.N. e/w ♦ 4A _. A1R 
(12BV R f = 0 41 (AcOEt); m.p. 217-218' C; DCI-NH 3 -MS. m/z (relative intensity). 504 (MH . 100 /o). 416 
8%) "and 278 (18%); 'H NMR (CDCb. 300 MHz) 5: 8.32 (d,J = 5Hz,2H). 6.85 (d,NH,J = 9Hz,1H), 6.51 
(t l J = 5Hz,1H). 4.34 (m.1H), 3.85 (t.J =4.5Hz.2H), 3.24 (b S.1H). 2.90 (dd.J = 5,7Hz,1H), 2.70-2.50 <m.2H), 
2.00-1.10 (m,«22H), and 1.00-0.80 (m,9H); Anal. (C28H4 9 0 3 N 5 ) C.H.N. 



Example 13 

10 



2-(4-Benzy)piperidin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl-3(R).4(S)dihydroxy-6-methylheptane. 



15 



20 



The desired compound was made following the procedure as described in Example 10. 11. and 12. In 
this case. 4-benzyl piperidine was used as starting material. „ 
Less polar diastereomer: R f = 0.16 (hexane-AcOEt. 3:1); DCI-NH3-MS, m/z (relative intensity), 515 (MH, 
100%) 342 (20%). 289 (7%), 244 (41%). and 174 (52%); 'H NMR (CDCS 3 , 300 MHz) 5: 7.32-7.10 (m5H), 
7 08 (d.J = 9Hz,1H), 4.53 (b S.1H). 4.29 (t of d.J = 3,9.9Hz,1H). 3.20 (b s.2H). 2.90 (t.J = 6HZ,1H), 2.80 (b 
t,J = 10.10Hz.2H). 2.55 (b d,J = 7Hz,2H). 2.29 (t.J = 11. 11Hz,1H). 2.10 (t,J = 11Hz,1H), 1.90 (m.1H), 1.80-1.05 
(m.«27H). 0.98-0.80 (m,9H); Anal. (C3 2 Hsa0 3 N 2 ) C.H.N. 



25 Example 14 



2-(4-Benzylpiperidin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl-3(R).4(S) -dihydroxy-6-methylheptane. 



30 



This is the more polar diastereomer of the compound described in Example 13. 
R f = 014 (Hexane-AcOEt. 3:1); DCI-NH 3 -MS. m/z (relative intensity). 515 (MH , 100%). 342 (17%). 289 
(15%) 244 (67%). and 174 (40%); 'H NMR (CDCb. 300 MHz) 5: 7.31-7.10 (m,5H), 6.89 (d.J = 3Hz.1 H). 4.30 
35 (rn.1H). 3.21 (b S.1H). 2.90-2.70 (m,2H). 2.53 (d.J = 7Hz,1H), 2.20-1.10 <m,»27H), 1.00-0.80 (m.9H); Anal. 
(C 32 H540 3 N2) C.H.N. 



Example 15 

40 



2-(4-(4-Methoxyphenyl)-piperazin-1-yi)-hexanoic acid Amide of 2($)-Amino-1-cyclohexyl-3(R).4( S)-dihydroxy-6- 
' " " methylhectane. 



45 



50 



55 



The desired compound was made following the procedure described in Example 10. 11, and 12. In this 
case (4-methoxyphenyl)-piperazine was used as the starting material. 

Less polar diastereomer m.p. 152-153*C; R f = 0.30 (Hexane-AcOEt, 1:1); DCI-NH 3 -MS. m/z (relative 
intensity), 532 (MH*. 100%), 261 (18%). and 191 (8%); 'H NMR (CDCIa. 300 MHz) 6: 6.98 (d,J = 9Hz,1H), 
6 92-6 80 (m,4H), 4.47 (b 8,1 H), 4.33 (t of d,J = 4,9,9Hz,1H), 3.78 (s,-OCH 3( 3H). 3.24 (b s,2H). 3.10 (m,4H), 
£98 (dd,J=6.7Hz,1H), 2.23 (m,4H), 1.92 (m.1H), 1.80-1.08 (m,«22H). and 1.00-0.60 (m,9H); Anal. 
(C 3 ,H 53 0*N 3 ), CH.N. 



Example 16 
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^^^■ty.^hoyvohen vlVpiperazin-l-yD-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-6- 
— ■ — methylheptane. 

% m £%) . - NMR (CDci, 300 MHz) . 6.92*80 £ £• - 

d.J = 5,9.9Hz,1H). 3.78 (s,OCH 3 ,3H), 3.25 (b 3.2H). 3.10 (t. J- 44Hz4H) 2.91 JW-SJ*' 11 * 
(m.4H), 1.93 (m.1H). 1.80-1.10 (m,=22H). and 1.00-0.80 (m,9H); Anal. (C^HssCW C.H.N. 



10 



Example 17 

P^^-Pyridyn-piperaz in-l-yD-hexanoic acid Amide of afSVAmino-l-cyclohexvU^m^fS^dihydroxv-e-methylhep- 
— — ■ ' ' tane. 



20 



25 



The desired compound was synthesized following the procedure described in Example 10, 11, and 12. 
2-Pyridylpiperazine was used as the starting material. 

Less polar diastereomer: DCI-NH 3 -MS. m/z (relative intensity) 503 (MH . 100% « 
^ i NMR (CDCb. 300 MHz) ft 8.20 (m.1H), 7.49 <W= 7 ;^ 

445 (b S.1H), 4.34 (t of d,J = 4,9,9Hz.1H), 3.63-3.45 <m.4H), 3.25 b S.2HV 298 (t.J - 7Hz.1 H). 2.80 2.60 
(m,4H), 1.93 (m.1H), 1.80-1.05 (m, H), and 1.00-0.80 (m,9H); Anal. (C^His^Oa) C.H.N. 



Example 18 



30 



Z-tt-Benzvlpiperidin-l-yQ-hexapoic acid Amide of ^ S vAmin 0 .l-cvclohexvl-3(R).4(S)-dihydroxy-6-methylheptan e . 

35 The title compound was made starting with 3-benzylpiperidine and following 

in Example 10. 11. and 12. This synthesis produced four possible d.astereomers ^ *J£ 
three acSve diastereomers are given in Example 18 (Rf = 0.49.Hexane-Et oAc 1:1) 19 ^-°^ Hexa ^ 
EtoAc 1-1 and 20 (Rf = 0.42. Hexane-EtoAc 1:1). DCI-NH,-MS. m/z (relaftve '"«), 515 (MH . 00%), 
244730%) and 174 (24%); <H NMR (CDCb. 300 MHz) t 7.34-7.10 (m.5H), 7.02 (b S.1H) ^ WJ* »J 

« JS?MB (m.1H). 2.79 (m.2H). 2.60-2.45 (m.2H), 2.30-1.05 <m.«31H), and 1.05-0.75 (m.9H). Anal. 
(CazHsiOaNz) C.H.N. 

Example 19 



45 



2. < 3-Benzvlpiperidin.1.yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclo hexvl-3(R).4(S)-dihydroxy-6-methylheptane. 

50 The title compound was made starting with 3-benzylpiperidine and following the procedure ndMofeed 
in Example 10 11. and 12. This synthesis produced four possible diastereomers and »e spectral data for 
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Example 20 



a.(3-Benzylpiperidin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cycloh e xyl-3(R ).4(S)-dihydroxy-6-methylheptane. 

The title compound was made starting with 3-benzylpiperidine and following the procedure as described 
in Example 10. 11. and 12. This synthesis produced four possible diastereomers and the spectral data for 
three active diastereomers are given in Example 18. 19, and 20. DCI-NH3-MS. m/z (relative .ntens.ty). 515 
(MH\ 100%), 342 (6%). 244 (41%), 202 (21%). and 174 (61%); 
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Example 21 



Methyl 2S-(2R-Benzyl-2-benzyloxycarbonyl amino-ethylamino)-hexanoate. 

D-Phenylalaninol (7.89 g, 52.18 mmol) and N-(benzyloxycarbonyloxy)-succinimide (13 g, 52.18 mmol) 
were combined in 150 ml of CH 2 CI 2 and stirred for 21 h at room temperature. After this time the solution 
was washed with saturated NaHCOa, dried over MgSO*. and concentrated in vacuo to yield 14.9 g (100 ft) 
of solid product which was used for the following reaction without further purification. 

S0 3 -Pyridine (8.36 g. 52.5 mmol) was dissolved into 20 ml of dry DMSO at room temperature. This 
solution was then added to a solution of CBZ-D-phenylalaninol (5 g. 17.5 mmol) and triethylamine (5^30 g. 
52.5 mmol) in 100 ml of CH 2 CI 2 at 0* C. After stirring for 1 h. the reaction mixture was part.tior.ed w.th 200 
ml of AcOEt and 200 ml of brine. The organic layer was dried over MgSO* and concentrated in vacuo to 
give 4 95 g of the desired aldehyde which was used for the following reaction without further punficaton. 

CBZ-D-Phenylalaninal (4.95 g, 17.5 mmol) and L-norLeucine methyl ester (Hydrochloride salt, 3.18 g. 
17 5 mmol) were stirred in 100 ml of dry methanol at 0* C. Anhydrous NaOAc (2.87 g. 35 mmol) was added 
as a solid, and the reaction was stirred at 0* C for 2 h. After this time. NaCNBH, (1.09 g. 17.5 mmol) was 
added portionwise over one half hour, and the reaction was stirred an additional one hour At the ena. 
excess borohydride was quenched with dilute HCI and the aqueous layer was basified with NteCOs. The 
crude product was extracted with AcOEt and purified by column chromatography. DCI-NH 3 -MS. m/z 
(relative intensity). 413 (MH*, 100%). 

Example 22 



Methyl 2S-(N-(2R-Benzyl-2-benzyloxycarbonyl-aminoethyl)-N-(benzyloxvcarbonyl-methy l)-amino-hexanoate. 

To a suspension containing the amino ester from Example 21 (2 g. 4.85 mmol) and K 2 C0 3 (1 .34 g. 9J0 
mmol) in 55 ml dioxane at room temperature, was added benzyl bromoacetate (2.22 g. 9.69 mmol). The 
contents were heated under reflux for 9 h and then poured onto a slurry of H 2 0-AcOEt. The orgamc layer 
was washed with brine, dried over MgSO* and finally concentrated in vacuo. The crude product was 
purified by column chromatography (silica gel. Hex-AcOEt. 2:1) and which gave the desired title compound 
(224 g 82%): 1 H NMR (CDCI 3 , 300 MHz) S: 7.40-7.10 (m.15H). 5.22-5.00 (m.6H), 3.88 (m,1H). 3.62 (s,- 
OCH 3 minor L-Phe-L-NorLeu component). 3.53 (s.-OCH 3 .major D-Phe.L-NorLeu component). 3.55-3.25 
(m.3H). 3.08-2.65 (m.2H). 2.43 (t,J = 12Hz.lH), 1.70-1.10 (m.6H). and 0.81 (m.3H). 

Example 23 



55 
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10 



16 



Methyl 2S-(3R-benzyl-5-oxo)-piperazin-1 -yl)-hexanoate. 

The b nzyl ester from Example 22 (1.85 g. 3.30 mmol) was dissolved in AcOEt (100 ml) and reduced 
with 10% Pd/C (1 g), under H 2 (4 atmosphere) at room temperature for 2 h. At the end, the catalyst was 
removed by filtration and the crude product (1.08 g. 90% yield) was dried under high vacuum: DCI-NH 3 - 
Zs°Z (relative intensity), 337 (MH*, 8%). 319 (MH*-H 2 0. 100%). The amino acid I obtained abo* , was 
subjected to cyclization with DCC (663 mg. 3.21 mmol) and HOBT (1.30 g. 9.62 mmol) in CH 2 CI 2 (30 ml) at 
room temperature for 9 h. The solid urea was removed by filtration and the crude product was punfie I by 
™umn chromatography (silica gel. 100% AcOEt) which gave 420 mg (40% after *o steps. cons.de rab e 
amount of starting material remained unreacted) of the desired cyclic product: DCI-NHrMS. rn/ (relative 
fnTensity). 319 (MH*. 100%). and 259 (11%): 'H nMR (CDCb. 300 MHz) * 738.7.20 ft**™ 
(dJ = 7Hz.2H), 6.27 (b S.1H), 3.72 (S.-OCH 3 ,3H). 3.38 (s,-CO-CH 2 - N -.2H). 3.28 (U = 7HZ.1H). 2.90-2.6, 
(m,5H). 1.80-1.58 (m.2H). 1.40-1.20 (m.4H). and 0.90 (t,J = 7Hz.3H). 

Example 24 



20 



2/SW3R- benzvl-5-oxo)-piperazin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclo hexvl-3-(R),4(S)-dihydroxy-6- 
— " " methylheptane. 



25 



The cyclized ester from Example 23 (256 mg, 0.80 mmol) was dissolved in dioxane (20 ml) and reacted 
with LiOH (300 mg, 7.14 mmol. in 2 ml H 2 0) at room temperature overnight The next day. the solution was 
cooled to 0* C and neutralized with HCI-Dioxane (4.5 M solution, 1.58 ml used). Solvent was removed under 
reduced pressure and the acid was extracted with CH 2 CI 2 (trace MeOH). Evaporation of so vender 
reduced pressure and drying under high vacuum gave the corresponds crude ac.d (251 mg). DCI-NH 3 
MS. m/z (relative intensity). 305 (MH*. 18%). 259 (8%). 225 (11%). and 138 (100%). 

The acid (300 mg. 0.986 mmol) obtained in the previous reaction was d.ssolved in DMF (10 1 ml) and 
reacted with Amine'HCI from Example 2 (279 mg. 1 mmol). EDAC (193 mg. 1 equiv), HOBT (405 mg 3 
equiv) and EfaN (278 ill. 2 equiv) at 0* C for 2 h and then at room temperature overnight. At the end the 
reaction mixture was poured onto EtOAc-sat. aq. NaHCO,. The organic layer was washed with brine dned 
over MgSO» and concentrated in vacuo. The crude product was purified by column chromatography (s.l.ca 
nel Hexane-AcOEt I'D to give _ 289"mg (55% from acid) of the desired product (less polar diastereomer): 
DC*I-NH 3 -MS. m/z ('relative intensity). 530 (MH*, 100%). and 442 (6%); 'H NMR (CDCI^ 300 MHz) ,6: 7^40- 
7 10 <m5H) 5.96 (b S.1H). 4.33 (m.lH). 3.73 (m.1H). 3.45 (d.J = 16Hz.1H). 3.30-3.15 (m,2H) 2.97 
S!J-5£?H). 2J4 (dd.J-5.14Hz,1H). 2.60 <dd.J=9.13Hz.1H). 2.45 (t,J= 10Hz,1H), 2.05 (m.1H). 1.90 
40 (m.1 H). 1.80-1.10 (m.25H), and 1 .00-0.70 (m.9H). 

Example 25 



30 



35 



45 



50 



55 



CBZ-D-Phe-Gly-OMe. 

To a solution containing CBZ-D-Phe (15 g. 50 mmol) and N-methylmorpholine (5.5 ml. 50 mmol) in 
CH 2 CI 2 (200 ml) at 0* C. was added isobutylchloroformate (6.9 ml. 1 equiv). The reaction was stirred at 0 C 
for 8 rnin followed by the addition of N-methylmorpholine (5.5 ml. 50 mmol) and the hydrochlor.de salt of 
glycine methyl ester (6.30 g. 1 equiv). The reaction was stirred at 0 C for 1 h and then at room 
temperature for 4 h. The crude mixture was added to a slurry of H 2 0-AcOEt. The organic layer wa washed 
with brine, dried over MgSO, and finally the dipeptide was crystallized from Hex-AcOEt to g,v 7.5 g of 
white solid <mp 114-115'C): R, = 0.55 (Hex-AcOEt, 1:1); DCI-NH 3 -MS. m/z (relative intensity). 388 
mH " 4lS 371 (MH* 100%); 'H NMR (CDCI 3 . 300 MHz) a: 7.40-7.15 (m.10H). 5.10 (s.2H). 4.45 
(m,1H). 3.98 (dd.J = 4,16Hz.1H). 3.74 (S.3H). 3.10 (d.J = 7Hz,2H). 
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Example 26 



2-(R)-Benzyl-3,6-diketo-piperazine. 



10 



CBZ-D-Phe-Gly-OMe (9.5 g, 26 mmol) was dissolved in MeOH (150 ml) and subjected to 
hydrogenolysis in the presence of 10% Pd/C (1 g) and H 2 -atmosphere (balloon filled with H 2 ) for 4 h at 
room temperature. At the end. the catalyst was removed by filtration through a celite bed and the removal 
of MeOH under reduced pressure gave 6 g of D-Phe-Gly-OMe («100%, crude yield). 

The crude product D-Phe-Gly-OMe (6 g. 25 mmol) was powdered and then dispersed in 100 ml toluene 
and heated at reflux overnight. The reaction flask was cooled to O'C and the solid product (3.50 g, 69%) 
was collected by filtration: m.p. 256-257* C; DCI-NH 3 -MS, m/z (relative intensity), 222 (MNhU . 100%), 205 
15 (MH\31%); 



Example 27 



20 



2-(R)-Benzyl-piperazine. 



25 



2-Benzyl 3.6-diketopiperazine (3 g, 17 mmol) from Example 26 was suspended in THF (200 ml) and 
heated at reflux with LAH (2 g. 53 mmol) for 15 h. At the end. the solution was cooled to 0 C and the 
excess LAH was destroyed with aqueous NaOH (10%. 20 ml used). The free amine was extracted with 
AcOEt which on drying over MgSO* and evaporation under reduced pressure gave 2.30 g (77% yield) of 2- 
R-benzyl piperazine: DCI-NH 3 -MS, m/z (relative intensity. 177 (MH*, 100%). 



30 



35 



Example 28 



Ethyl 2>(R.SH3-R-Benzyl»piperazin-1-yl)'hexanoate. 



A suspension of 2R-benzy1-piperazine (2.30 g, 13 mmol). ethyl 2-bromohexanoate (6.22 ml. 34 mmol) 
and anhydrous powdered K2CO3 (7 g. 50 mmol) in 1.4-dioxane (100 ml) was heated at reflux for 13 h. At 
the end the solid residue was removed by filtration and the crude product was purified by column 
chromatography (silica gel, Hexane-AcOEt. 1:1) to give ethyl 2-(3R-benzylpiperazyl)-hexanoate (2.5 g, 60% 
yield): MH*. 319 (MH*, 100%). 



45 

Example 29 



^ Ethyl 2-(R.SH3-R-Benzyl-4-N-tert"butyloxycarbonylpiperazine-1-yl)-hexanoate. 

Ethyl 2-(3R-benzyl-piperizlno)-hexanoate (2.5 g, 7.86 mmol) was dissolved in CH2CI2 (20 ml) and 
reacted with fBocfcO (1.70 g, 7.86 mmol) at 0* C for 2 h and at room temperature overnight. The following 
55 day solvent was removed under reduced pressure and the crude product was purified by column 
chromatography (silica gel, Hexane-AcOEt. 2:1) to give 3.10 g (95% yield) of ethyl 2^3R-benzyl-4-tert- 
butoxycarbonyl)-hexanoate: DCI-NH3-MS. m/z (relative intensity), 419 (MH , 100%); <H NMR (CDCI3. 300 
MHz dl-mixture at the n-butyl site) 6: 7.40-7.10 (m,5H). 4.30-4.10 (m,4H), 3.20-2.20 (m.SH). 1.80-1.20 
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(m.6H). 1.40,1.35 (two singlets of tBu. two diastereomers. total 9H). 1.25 (two overlapping triplets, total 3H. 
-O-CIVCHs), and 0.93 (two overlapping triplets, total 3H). 

Example 30 



2-(R ^■nR.R ft nzv|.4- N-tert-butvloxycarbonylpiperazin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl-3- 
1 ' (R),4(S)-dihydroxy-6-methylheptane. 



The ethyl ester (1.10 g, 2.63 mmol) from Example 29 was dissolved in ethanol (30 ml) and aqueous 
LiOH (1 N solution, 4 ml Ssed). The clear solution was heated at reflux for 3 h. At the end, solvent was 
rimoved^nder reduced pressure and the sodium salt (1 g, 97V. yield) thus obtained was d.rectly used for 

^ ^ZT^n"^, HOBT (830 mg. 6,5 mmol). the hydrochlor.de salt of the ^e 
from Examole 2 Sd EDAC (394 mg, 2.05 mmol) were dissolved in DMF (25 ml) and cooled to 0 C. To th.s 
SI ^ a :a?4n d added N-methylmorpholine (450 u.. 4 mmol) and the reaction >™^J™ 
temperature overnight. The following day, the contents were poured onto a slurry of saturated NaHCO, and 
St The organic layer was washed with brine, dried over MgSO* and concerted m vacuo. The cmde 
product was carefully purified by column chromatography (silica gel. 10% AcOEt ,n Hexane) wh.ch gave 
two desired diastereomers (total yield 950 mg, 77%). ♦ 
SoA) Less Polar Diastereomer: m.p. 148-149'C; DCI-NH3-MS, m/z (relative ® ns **^* ^ ^ 440-4 25 
and 345 (23%); 'H NMR (CDCI3, 300 MHz) S: 7.35-7.15 (m,5H). 6.55 d.J = 8H2.1H) «5 (b *.1 H • 
Ham 395 (b s1H) 325 (m.2H), 3.15 (t d,J = 3.12.12Hz,1H), 2.98 (b S.2H), 2.85-2.70 (m.3H), 2.35-2.20 
S! 193 ( (m1Hri 60-1.55 ^H). 1 .45-1 .10 (m,14H), 1.35 (s.»Bu.9H), and 1.00-0.80 (m.methy. 
isooropyl,9H); Anal. (C36H61.N3OS) C.H.N. * inny * 

(30B) More Polar Diastereomer: m.p. 187-188* C; DCI-NH3-MS, m/z relative .ntens.ty). 616 (MH , 100 /.). 
30 390 (10%), 345 (41%), and 275 (43%); Anal. (CseHciNaOs) C,H,N. 

r 

Example 31 



75 



20 



25 



35 



2-(4.(N-benzvl)- P iperazin-1-yl)-acetic acid Amide of S(S)-Amino-1-cyclohe xvl-3(R),4(S)-dihydroxy-6-methylhep- 
"~ tane. 



40 The title compound was made using the procedure of Example 10. ^m*12 ** the ^mohex- 
anoate was replaced with benzyl bromoacetate. DCI-NH a -MS. m/z 460 (MH . 100%); Anal. (Ca^H^O,) 
C.H.N; m.p. 169-171 *C. 



45 Example 32 



S ^-(4-Benzvl-piperazin-1-yl)-hexanoic acid Amide of PfSVAmino-1-cvclohexyl-3(R),4(S)-dihydroxy-6-methylhep- 



tane. 



The desired final product was made using the same P««edur8 « desaibed in Example 10 11, anc M2 
ss (32A) Less Polar Diastereomer. DCI-NH3-MS, m/z 516 (MH . 100%) and 245 (48/.). Anal. 
(C 3 1 H 5 3N3<VH 2 0)C.H,N.; m.p. 146-1 47* C. # <mic ',, 
(32B) More Polar Diastereomer: MS, m/z 516 (MH . 100%). m.p. 150-151 C. 



83 



EP 0 365 992 A1 



Example 33 



g-(3R-Benzyl-piperazin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl-3(R),4(S)-dihydroxy- 6-methylhep- 
" tane. 



Made using the procedure as described in Example 28, 29, and 30. 

10 (33A) Less Polar Diastereomer: DCI-NH 3 -MS, m/z (relative intensity). 516 (MH . 100%). 428 (10%), 290 
(15%) 245 (58%): 'H NMR (CDCIg. 300 MHz) 6: 7.32-7.20 <m,5H), 6.96 (d.J =9Hz,1H), 4.43 (b S.1H), 4.32 (t 
d J = ilHz,1H), 3.23 (m,2H), 2.93 (m,3H), 2.78 (t d.J = 11Hz,4H). 2.60 (dd.J = 11Hz.1H), 2.48 (b S.1H). 2.18 (b 
s.'lH). 2.08, (t.J = 11Hz,1H), 1.92 (b s,1H), 1.70 (m,8H), 1. 40-1 .15 (m,14H). 0.89 (t.J = 7Hz,3H); Anal. 
C31H53N3O3) CH.N; m.p. 130-132* C. 

15 (33B) More Polar Diastereomer: MS, m/z 516 (MH , 100%); m.p. 150-151 C. 



Example 34 



20 



2-( 3S-Benzyl-4-N-tert-butyloxycarbonyl-piperazin-1 -yl)-hexanoic acid Amide of 2(S)-Amino-1 -cyclohexyl-3(R),4- 
(S)-dihydroxy-6-methylheptane. 



25 



30 



35 



The title compound was synthesized following the procedure described in Example 28, 29, 30. 
(34A) Less Polar Diastereomer: DCI-NH3-MS, m/z relative intensity), 616 (MH , 100%), 345 (40%); 'H NMR 
(CDCI3 300 MHz). 7.38-7.12 (m,7H). 6.85 (d,J = 10.5Hz.1H), 4.43-4.27 (m,3H), 3.9 (b s,1H). 3.27-3.12 
(m3H) 297 (t,J = 6.0Hz,lH), 2.81 (m,2H), 2.72 (d,J = 12Hz,1 H), 2.25 <m,2H), 1.96-1.6 (m.10H) f> 1.57-1.4 
(m.W, 1.36 (s,9H), 1.35-1.12 (m,8H), 0.86 (t,J = 7Hz.3H); Anal. (C 36 H 6 iN 3 0 5 ) C.H.N; m.p. 158-160 C. 
(34B) More Polar Diastereomer: MS, m/z 616 (MH*, 100%); m.p. 130-132* C. 



Example 35 



2-(3R-Benzyl-4-N-dimethylaminocarbonyi-piperazin-1-yl)-hexanoic acid Amide of 2(S)-Amino-1-cyclo hexyl-3(R),4- 
(S)-dihydroxy-6-methylheptane. 

40 

The title compound was synthesized following the procedure described in Example 28. 29, and 30. 
(35A) Less Polar Diastereomer: FAB-MS, m/z (relative intensity), 587 (MH*. 40%), 316 (100%), 286 (20%). 
271 (18%), 244 (50%), 224 (20%); Anal. (C 3 *H 58 NjCV± H 2 0) C.H.N; m.p. 150-151 C. 
45 (35B) More Polar Diastereomer: MS, m/z 587 (MH*); m.p. 85-86 C. 



Example 36 

50 

3 -(4-Thiazolyl)-2-(R,S)-(3R-benzyl-4-N-benzyl-piperazin-1-yl)-propionic acid Amide of 2(S)-Amino-1-cyclohexyl-3- 
™ " (R),4(S)-dihydroxy-6-methylheptane. 



Methyl 2-(3R-Benzyl-4N-benzyl-piperazyl)-acetate was deprotonated with NaN(TMS) 2 in THF at 0 C. 
The carbanion was then reacted with 3-chloromethyl thiazole and which on aqueous work-up and purifica- 
tion gave methyl 3-(3-thiazoly!)-2-(3R-benzyl-4N-benzyl-piperazyl)-propionate. The methyl ester was 



84 



EP 0 365 992 A1 



hydrolyzed with UOH and then coupled to the amin following the procedure in Example 32. FAB-MS, m/z 
647 (MH\ 100%); Anal. (CssHsiNiOaS^ H 2 0) C.H.N; m.p. 63-65' C. 



Example 37 



2-(3R- Benzyl-4-N-(4-N-methylpiper^ acid Arnjjg 2* 2(S)-Amino-l- 

J0 — cyclohexyl-3(R),4(Shdihydroxy-6-methylheptane. 

The title compound was made following the procedure described in Example 28, 29, and 30. 
Mixture of Diastereomers: FAB-MS, m/z # 642 (MH*, 100%). 371 (68%) and 271 (40%); Anal. 
is (C37Hg 3 Ns<V1.5 H 2 0) C.H.N; m.p. 155-157* C. 

Example 38 

20 

2-( 3R-Benzyl-4-N-(morpholin-1-yl-carbonyl)-piperazin)-1-yl-hexanoic acid Amide of 2(S)-Amino-1 -cy clohexyl-3(R)- 
— " ,4(S)-dihydroxy-6-methylheptane. 



25 



30 



35 



The title compound was made following the procedure described in Example 28, 29. and 30. 
(38A) Less Polar Diastereomer: FAB-MS, m/z (relative intensity). 629 (MH , 60%), and 358 (100%); 1 H NMR 
(CDCI3, 300 MHz) 5: 7.30-7.14 (m.5H), 6.69 (d.J = 9Hz f lH), 4.48 b 8.1 H), 4.37 (t of d,J = 11HZ.1H), 4.15 (b 
s 1H) 3 54-3.32 (m,6H), 3.24 (b S.2H). 3.17-274 (m,10H), 2.58 (dd,J = 12Hz,1H), 2.31 (t d.J = 12Hz,1H), 2.12 
(b S.1H), 1.94 m.lH), 1.67 (m,9H), 1.40-1.15 (m,11H), 0.91 (t.J = 7Hz,3H); Anal. (C 3 6H 6 oN*Os *i H 2 0) C.H.N; 

&QS) 7 Morl%o\^ Diasterpomer: FAB-MS, m/z (relative intensity). 629 (MH*, 88%), and 358 (100%); % H 
NMR (CDCI3 , 300 MHz) 5: 7.31-7.16 (m,5H), 6.54 (d,J = 9Hz,1H), 4.57 (b S.1H), 4.37 (m,1H), 4.22 (b s,1H), 
357-3 30 (m,6H), 3.25 b S.2H), 3.14-2.74 (m.10H). 2.45 (dd,J = 11HZ.1H), 2.32 (t d,J = 11Hz,1 H), 1.94 (b 
s,1H), 1.80-1.60 (m,10H), 1.44-1.14 m,11H), 0.92 (m,6H), 0.88 (t, J = 7Hz,3H); Anal. C3 6 H e oN40 5 -H 2 0) 
C.H.N; m.p. 104-105* C. 

Example 39 



40 



45 



N-tert-Butyloxycarbonyl-N-allyl-D-Phe-OMe. 

D-Phe-OMe (20.75 g. 116 mmol) was dissolved in CH2CI2 (200 ml) and reacted with 'Boc-anhydride 
(25 31 g 116 mmoi) at 0*C for 16 h. At the end, solvent and 'BuOH was removed under high vacuum 
which gave 29.5 g (91% yield) of the desired 'Boc-Phe-OMe; R, = 0.45 (Hexane-AcOEt, 2:1); 'H NMR 
(CDCIa. 60 MHz) 5: 7.13 (m.5H). 4.93 (m.1H), 4.50 (m,1H), 3.65 (s,-OCH 3 ,3H), 3.05 (d,J =6Hz,2H), and 1.43 

so (s, B g^' he-0MQ (2Q ^ 72 mmo() from thQ prevlous reaction was dissolved in THF (90 ml) and cooled to 
-78* C. To this was added sodium bis(trimethylsilyl)-amide (1 M in THF. 78 ml) over 5 min period. The 
yellow solution was stirred at -78 ' C for 1 h and then reacted with allyl bromide (12 ml, 138 mmol) at -78 C 
for 2 h and then at room temperature overnight. The reaction was diluted with ether-hexane (1:1) and 2 N 

55 HCI (pH «3). The organic lay r was washed with brine, dri d over MgSO* and concentrated in vacuo to give 
21.56 g crude product which on chromatographic purification (silica gel, Hexane-AcOEt, 4:1) gave 1.80 g 
starting material and 18.20 g (80% yield) of the desired N-allylated product; R, = 0.40 (Hex-AcOEt, 2:1, R f 
= 0 31 for starting material); DCI-NH3-MS, m/z (relative intensity). 320 (MH . 100%). 281 (23%), and 264 
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(20%). 



Example 40 

5 



N-tert-Butyloxycarbonyl-N-formylme%l-D-Phe-OMe. 

w 

Ozone was passed into a solution containing the ally I ester from Example 39 (4 g. 12.5 mmol) in 180 ml 
CH 2 CI 2 at -78* C until the color turned light blue. Excess 0 3 was blown out with O2 and the ozonide was 
cleaved by adding Me 2 S (6 ml). The reaction mixture was kept stirring at room temperature overnight. At 
the end, solvent was removed under reduced pressure and the crude product was purified by column 

75 chromatography (silica gel, Hex-AcOEt, 3:1) which on drying gave 3.50 g (86% yield) of the desired 
aldehyde; R, = 0.40 (Hex-AcOEt, 1:1, R f = 0.64 for the starting material): NMR shows two sets of signals 
which we believe could be due to the presence of rotamers. For convenience, we will assign the letter 
for the major component and f M' for the minor component. These two components were inseparable by tic: 
T H NMR (CDCI3, 300 MHz) 5: 9.39 (t, M, J = 1 Hz.-CHO). 9.29 (t.L.J = 1Hz,-CHO), 7.33-7.10 (m.5H), 5.15 

20 (dd,L,J = 6,10Hz, NH-CH-COOCH3), 4.68 (dd.M,J = 4.5,1 0Hz,NH-CH~COOCH 3 ), 3.77 (s,M,-OCH 3 ), 3.75 (s.L,- 
OCH3), 3.33 (m.2H), 2.97 (m.2H), 1.36 (s.M.-CFBu) and 1.34 (s.L.-Oteu). 



Example 41 

25 



Dimethyl (2R-Benzyl-7S-butyl-3-tert'butyloxycarbonyl-3,6>diaza)-suberate. 

00 

Sodium cyanoborohydride (685 mg, 10.9 mmol) was slowly added to a solution containing the aldehyde 
from Example 40 (3.50 g, 10,9 mmol) and nor-Leu-OMe (1.58 g, 10.9 mmol) in isopropanol (50 ml) at 0"C. 
The reaction was stirred at room temperature overnight. At the end, excess borohydride was quenched with 
dil HCI at 0"C (pH adjusted to 3-4) and then basified with K 2 C0 3 . The crude product was extracted with 

35 AcOEt and purified by column chromatography (silica gel, Hex-AcOEt, 3:1, during this process, part of the 
open form starts cyclizing and produces the lactam) which on further drying under reduced pressure gave 
4.05 g (82% yield) of the desired product; DCi-NH 3 -MS, m/z (relative intensity), 451 (MH*, 100%) and 158 
(25%); 1 H NMR (CDCI 3 , 300 MHz) 6: 7.30-7.10 (m,5H), 5.12 (dd,J = 5.10Hz,1H), 4.72 (m,1H), 3.75 (b s,2H), 
3.70 (s.-OCH 3 ,3H), 3.68 (s,-OCH 3j 3H), 3.35-3.10 (m,2H), 2.80. (m,2H), 2.48 (m.2H), 1.90 (m.1H), 1.45 

40 (s.'Bu.9H), 1 .60-1 .20 (m,1 H), and 0.88 (t,J =7,7Hz,3H). 



Example 42 

45 

Methyl 2-(3R-Benzyl-4N-tert-butyioxycarbonyl-2-keto-piperazin-1-y1)-hexanoate. 



so The amine ester (4 gm, 8.88 mmo!) from Example 41 was dissolved in xylene (50 ml) and heated at 
reflux for 2 h. At the end, solvent was removed under reduced pressure and the crude product was purified 
by column chromatography (silica gel, Hex-AcOEt, 9:1) to give 3.60 g (97% yield) of the desired lactam; 
DCI-NH 3 -MS, m/z (relative intensity), 436 (MNhZ, 30%) and 419 (MH , 100%); 'H NMR (CDCI3, 300 MHz) 
5: 7.30-7.10 (m,5H), 5.15 (dd,J = 5,10Hz,1H), 475 (m,1H), 4.08 (b d,J = 12Hz,1H). 370 (s,-OCH 3 ,3H), 3.40- 

55 3.05 (m,3H), 2.88 (t,J = 12Hz,1H), 1.99 (m,1H), 170 (m,1H), 1.30 (s.'Bu.gH). 1.50-1.20 (m,5H), and 0.90 
(t,J = 7Hz,3H); High Res. Mass: Calculated 419.2546 for C 23 H 35 N 2 0 5 . found 419.2546; Anal. (C 23 H 3 4N 2 0 5 ) 
C.H.N. 
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Example 43 



s 2 -(3R-Benzyl-4N-tert-butyloxycarbonyl-2-k to-piperazin-1-yl)-hexanoic acid. 

The ester from Example 42 (0.65 g. 1.56 mmol) was dissolved in MeOH (10 ml) and .hjM^d with 
LiOH (2 ml of 1 N solution in H 2 0) at room temperature overnight. The reactoon was ac.drf.ed w* HC 
,o Dioxane (4.5 M in HC1, 0.45 ml used) and the solvent was removed under ™^*^ T1 ££^ 
thus detained" was used for the next reaction without further purification. DChNHs-MS, rn/z (relative 
JStenstiyHS emu'. 18%). 405 (MH*, 100%). 361 (21%). 349 (40%). 305 (18%). and 230 (20%). 

Example 44 

prswSR-Benzvl^N- tert-butyloxycarbonyl^-keto-oiperazin-l-yD-hexanoic acid Amide of 2(S)-Amino-1-cyclohexyl : 
— 3(R),4(S)-dihydroxy-6-methylheptane. 

The crude acid (300 mg. 0.74 mmol) from Example 43 was dissolved in DMF (6 ml) and ! coupled to the 
amine from Example 2 (207 mg. 0.74 mmol) in the presence of EDAC (142 mg. 0.74 mmol). HOBT (300 

25 Tg 2.22 mmT and i-methy.morpho.ine (0.081 m., 0.74 mmol) at -20 'C for 2 h and then at room 
temperature overnight. The following day. the reaction mixture was ^^^^SSZ 
NaHGO, and AcOEt. The organic layer was washed with bnne. dried over *^ H rt J^5?^S 
in vacuo Purification of the crude product by column chromatography (silica gel. Hex-AcOEt. 4.1) gave 354 
So^he desiSd product (76% yield); FAB-MS, 630 (MH ); <H NMR (CDC. 300 MHz) : 7.30-7.10 
» 7Jn BsH 81H 499 (tJ = 7Hz,1H). 4.75 (b S.1H). 4.40-4.15 (m,2H). 3.80-3.60 (m.2H). 3.4O-2.80 

30 K 20?1 SsCriappfng li^H). 1.20 (s'Bu.9H). 0.97 (t.J = 7HZ.3H). 0.88 (d.J = 7Hz,6H); Anal. 
(CssHssnsOs) C.H.N; m.p,87-88* C. 



35 



Example 45 



aR.,4. ln V l d a zolvlV2ffl H3R-benzyl-4-N-tert^ ^ 2l ^ 

— : Amino-1-cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane. 



40 



The title compound was made following the procedure described in Example 39-44. The nor-Leu-OMe 

J^J^^jJg^ N H 3 -tan k ); DCI-NH,-MS. m/z (relative intensity). 654 (MH*. 100%). 636 
M0%) and" 5 (6%) ^ NMR (COO 300 MHz) 5: 7.53 (d,J = 1 Hz,1 H), 7.30-7.10 (m.6H). 6.88 (S.1H). 6.71 
Ij-fltelHI 539 mlH) 472 (m.1H). 4.35 9m.1H), 4.17 (m.1H). 3.50-2.70 (m.8H). 1.90-1.50 (m.8H). 
50- _ 1 %i^lS'»Su*fl. 0i3 (d.J = 7Hz.3H). and 0.81 (d.J = 7Hz.3H); Anal. (CaoHssOsNs). C.H.N. 



50 



Example 46 



BgS^lmidazolyl ^SH^^ ^ ^ 2* 

— ■ Amino-a-cyclohexyl-3(R).4(S)-dihydroxy-5-metnylheptane. 
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This is the I ss polar diastereomer of the compound as described in Example 45. + 
R i = 0 80 (CH2CI2-BOH, 9:1, NH 3 -tank); DC!-NH 3 -MS. m/z (relativ intensity) 654 (MH , 100%), 636 
(45%), 596 (16%). 554 (14%). and 411 (8%). 

Example 47 



yfl(SH3R-Benzy Mj^ ^ tH^S. °! 2^ 
Amino-1-cyclohexyh3(R).4(S)-dihydroxy-6-methylheptane, 

The title compound was made following the procedure as described in Example 39-44. The N- 
75 methylpiperazyl group was attached using dry phosgene gas. 

DCI-NH 3 -MS. m/z (relative intensity). 656 (Mh\ 100%), 638 (15%). 413 (63%). 342 (15%), and 317 (24%); 
Anal. (CsaHsiNsCVHaO) C.H.N; m.p. 132-134' C. 



20 



Example 48 



2(SH 3R-Benzyl-4-N>(N-methyl-N-(methoxymethoxyethyl)aminocarbonyl)-2-keto-pipe razin-1-yl)-hexanoic acid 
25 Amide of 2(S)-Amino-l -cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane. 

This compound was made using the procedure described in Example 39-44. N-methylethanolamine was 
first protected as MOM ether and then coupled to the ring nitrogen using phosgene gas. 
30 DCI-NH 3 ~MS, m/z (relative intensity). 675 (MH*, 98%), 657 (20%). 432 (100%). 336 (80%). 314 (45%). and 
304 (20%); Anal. (C^Hf^O?) C.H.N; m.p. 68-69* C. 

1 

Example 49 

35 

3-(4- Thiazolyl)-2-(3R-benzy^ Ei2 Amide 2* 
Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptana 



40 



This compound was made folloiwng the procedure described in Example 39-44. A racemic mixture of 
thiazole alanine was used as the starting material. The morpholine group was attached using phosgene 

45 (52A)°Less Polar Diastereomer: DCI-NH3-MS, m/z (relative intensity). 684 {MH*, 100%). 666 (75%), 473 
(32%). 461 (28%), 441 (50%), and 304 (24%); Anal. (CacHssNsOeS** H 2 0) C.H.N; m.p. 80-81 C. 
(52B) More Polar Diastereomer: MH* at 684; m.p. 179-180* C. 

50 Example 50 



2(SM 3R-Benzyh4-N-morpholi^ acid Amide 2(S)-Amino-1- 

55 — " cyclohexyl-3(R).4(S)-dihydroxyl-6-methylheptane. 

The title compound was synthesiz d following the procedure describ d in Example 39-44. The 
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morpholine was attached using phosgene as the carbonyl anchor. 

FAB-MS, m/z (relative intensity), 643 (MH*. 30%). 627 (38%). 400 (100%). 344 (35%). and 257 (30%); Anal. 
(C 36 H 5S N*0 6 'i H 2 0). C.H.N; m.p. 139-140 C. 



Example 51 



ft>/A.lmiri a20 lvh-2fS^-f3 R-ben2vl-4-N-morpholin-1-yl-carbonyl-2-keto-pi pera2in-1-yl)-propionic Acid Amide of 2^ 
■ Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-5-methylheptane. 

The desired compound was made following the procedure described in Example 39-44. The morpholine 
,s group was attached using phosgene method. In this case His-OMe was used as one of the starting 

DC| 8 NH 3 S -MS, m/z (relative intensity). 667 (MH*. 86%). 649 (100%). and 304 (50%); Anal. (C 3S H 5 *NcCV2* 
H 2 0) C,H.N;m.p. 176-177* C. 

20 

Example 52 



25 Benzyl 2-Benzyl-5-hydroxy-pentanoate. 

5-Valerolactone (7.14 g. 71.35 mmol) was slowly added to a flask containing freshly made LDA (80 
mmol) in 200 ml of dry THF at -78* C under N 2 . After stirring the solution for 40 min at -78 C. benzyl 

30 bromide (12.20 g. 71 mmol) was added. The bath was removed and the reaction was stirred at room 
temperature for 40 min. At the end. the crude mixture was poured to a slurry of AcOEt-Hexane and 0.5 N 
H 2 SO* The organic layec- was washed with brine, dried over MgSO* and concentrated in vacuo. The crude 
product was then dissolved in 60 ml of MeOH and 10 ml of concentrated H 2 SO*. After stirring the solut.on 
at room' temperature overnight, the acid was neutralized with aqueous NaHCOa. The crude product was 

as extracted with AcOEt-Hexane and purified by column chromatography (silica gel. AcOEt-Hexane 1:3) wh,ch 
gave 6.2 g (40% yield) of methyl 2-benzyl-S-hydroxy-pentanoate; 1H NMR (CDCI,. 300 MHz) J: J.30-7.10 
(m.5H). 3.58 (S.3H.-OCH3. 3.56 <t,J = 6Hz.2H), 2.95 <dd.J = 7.12Hz.1H), 2.75 (dd,J = 6,12Hz.1H), 2.69 (m,1H). 

2.15 (s.lH.-OH), and 1.70-1.50 (m,4H). 

The methyl ester (4 g. 18 mmol) from the above reaction was dissolved in 10 ml of benzyl alcohol and 

40 50 ml of Benzene. After adding TsOH«H 2 0 (0.5 g, 2.63 mmol). the contents were heated under reflux for 2 
h Once the required amount of H 2 0 had been collected, the solution was concentrated under reduced 
pressure The crude product was purified by column chromatography (silica gel. Hexane-AcOEt. 3:1) which 
gate 38 g (71%) of the title compound: 7.40-7.10 (m.10H), 5.03 (s.2H). 3.57 (t.J = 6Hz.2H). 3.00-2.60 
<m,*4H). and 1 .80-1 .40 (m,4H). 



45 



50 



Example 53 



Benzyl 2-Benzyl-5-oxo-pentanoate. 



55 



A solution of oxalyl chloride (0.9 ml. 10 mmol in 25 ml of CH 2 CI 2 ) was slowly added to a flask 
containing DMSO (1.5 ml, 21 mmol) in 3 ml CH 2 CI 2 at -60* C under N 2 . After 5 min. the alcohol from 
Example 52 (3 g. 10 mmol, 5 ml CH 2 CI 2 ) was added dropwise over 5 min period. After stirring the contents 
for 30 min Et 3 N (6.3 ml. 45 mmol) was added and the mixtur was warmed to room temperature. The 
susp nsion was stirred for 1 h and then poured to a slurry of CH 2 CI 2 -H 2 0-ice. The organic layer was 
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10 



washed with dilute HCI, brine dried over MgSCU. and finally concentrated in vacuo . The crude product was 
purified by column chromatography (silica gel, Hexane-AcOEt, 4:1) which gave 2.85 g (95%) of the title 
compound: <H NMR (CDCfa. 300 MHz) 6: 9.70 (W-1Hz.1H.-CHO). 7.40-7.10 (m.10H) v 5.05 (S.2H), 3^95 
(t.J = 6Hz.1H). 2.75 (m.2H), 2.41 (m.2H). and 1.90 (m,2H); DCI-NH3-MS, m/z 314 (MNH4 . 100%). and 297 
(MH*. 20%). 

Example 54 



Methyl 2-(4-Benzyl-4-carbobenzyloxy-butylamino)-hexanoate. 



75 



To a flask containing the aldehyde from Example 53 (0.9 g. 3 mmoJ) and methyl ester of L-nor-leucine 
(440 mg. 3 mmol) in isopropanol (3 ml) at 0*C under N 2 . was added NaCNBH 3 (190 mg, 3 mmol). The 
suspension was stirred at 0" C for 2 h and then at room temperature for 12 h. The following day, the flask 
was cooled to 0* C and the excess NaCNBH 3 was destroyed with aqueous dilute HCI. After basification of 
the aqueous layer with Na 2 C0 3l the cnjde product was extracted with AcOEt, and purified by column 
20 chromatography which gave 1 .20 g (94%) of the title compound. 



25 



Example 55 



Methyl 2-(3-Benzyl-2-oxo^iperidin-1-yl)-hexanoate. 

30 The benzyl ester from Example 54 was dissolved in 10 ml of MeOH and hydrogenolyzed (H 2 in balloon 
in the presence of 10% Pd/C, 0.3 g) at room temperature for 3 h. At the end, the catalyst was removed by 
nitration and the crude product after removal of MeOH under reduced pressure, was added to a flask 
containing NOBT (967 mg, 7.16 mmol), Et 3 N (0.33 ml. 2.4 mmol) in 10 ml of DMF at 0 C. After 5 min. 
EDAC (458 mg, 2.38 mmol) was added and the reaction was slowly brought to room temperature. At the 

35 end of 13 h at room temperature, the contents was poured onto a slurry of aqueous NaHCOs and AcOEt 
The product was extracted and purified by Column chromatography (silica gel, Hexane-AcOEt. 4:1) which 
gave a mixture of two diastereomers (340 mg, 45%, 1:1 ratio, dl mixture at the benzyl centre): DCI-NH3-MS, 
m/z31B(MH\ 100%). 



40 



Example 56 



< g(RSH3>Benzyl-2-oxo1-piperidin-1-yl)-hexanoic acid Amide of 2(ShAminoM-cyclohexyl-3(R),4(SHihydroxy-6- 
~" ' methylheptane. 

The methyl ester (305 mg, 0.73 mmol) from Example 55 was dissolved in MeOH-Dioxane (3 m! + 3 ml) 
50 and hydrolyzed with UOH (100 mg, 3 ml of H 2 0) at room temperature for 3 h. At the end, the flask was 
cooled to 0* C and the pH was adjusted to 2 with dilute HCI. The free acid after extraction with AcOEt, was 
dried under high vacuum for 2 h. 

The crude acid (305 mg. 1 mmol) was then dissolved in DMF (4 ml) and coupled to amine* HCI (from 
Exampl 2, 280 mg) in th presence of HOBT (405 mg. 3 mmol). EDAC (192 mg, 1 mmol), and Et 3 N (0.139 
55 ml, 1 mmol). The reaction was stirr d at 0* C for 3 h and then at room temperature ov might. The following 
day. the contents were diluted with aqueous NaHCOs, and AcOEt. The organic layer was washed with brine, 
dried over MgS0 4 . and concentrated in vacuo . The crude product (containing two diastereomers) was 
carefully purified by column chromatography (silica gel, Hexane-AcOEt, 4:1) which leave 392 mg (74% total 
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yield) of the title compound. 

(56A) Less Polar Diastereomer 

DCHtfVMSTm/z 529 (MH . 1 00%), and 286 (41%): 

(56B) More Polar Diastereomer 

DCHWVMS. m/z 529 (MH , 100%). 



Example 57 



JO 



is 



so 



25 



30 



35 



40 



(4SV3-Benzyloxycarbonyl-4-phenylmethyl-5-oxooxazolidine. 

Following the procedure of Ben-lshai (J. Am. Chem. Soc. 1957. 79, 5736), N-Cbz-l-phenylalanine (10.0 
om M4 TmoVpSmaldehyde (3.0 gm. 100.2 mmol). and p-tol3enesulfonic acid (0.64 gm. 3.3 mmol) 
^e s^spenTe'd' fSZ 150 m*. The reaction was brought to reflux ^r»«-^ 
through the agency of a Dean-Stark trap until collection of water ceased (0 5-2.0 h). After coobng he 
reaction mixture was diluted with ethyl ether, washed <1X, saturated aqueous NaHC0 3; 1X bnue) d 'ed 
S) fmered. and concentrated in vacuo to provide a solid after cooling. J^^ZTS' 
ace ate/hexanes provided, after the aftdtono! two crops the pure He compoun 9£ * «JJ 
85.5-86.5- C; MS (CI) <M+ NH*) = 329. (M+ H) = 312; Anal. Calcd. for C 18 H, 7 NO*. C. 69.44, H, 5.50, N, 
4.50. Found: C, 69.33; H. 5.48; N, 4.40. 

Example 58 

(4S.4R)-3-Ben 2 yloxycarbonvl-4-phenylmethvl-4-(1-(2-propeny l))-5-oxooxazolidine. 

A 250 ml round bottom flask was charged with the resultant compound from ^mple 57 (5_32 !g 17^1 
mmrfi thf (40 mn and a magnetic stir bar. The flask was fit with a septum, a gas outlet, and cooled to 
To ™e ZZ TnTll. flask was added via syringe potassium hexamethyld ^.PM 
ml. 18.8 mmol. 0.5 M solution in toluene); the resulting solufon was stirred 0.5 = 'J °. aJJ 
bromide (222 ml 25 6 mmol) was passed through a neutral alumina pad just pnor to addition as a single 
n *t e^olate soLon^e reaction was quenched with saturated 

hKtaed complete (1-2 h). The quenched mixture was partitioned between br.ne and ethyl etiier. The organic 
aTwS washed (1> brine) /dried (Na 2 SC), and concentrated in vacuo to provide a freeing light 
KZTSStoS. by 1*0 n-traion through a pad of silica gel (100 g;J »%, *hy. » 
ml fractions) provided the pure title compound (4.56 g, 76%) as a colorless thick «l MS (El) M 351 
JeS (M-CHaCHCH,)* = 310; Anal. Calcd. for C 2 ,H 2 ,NO 4 '0.25 H 2 0: C. 70.92; H. 6.09; N. 3.94. Found. 
C, 70.69; H, 6.07; N. 3.94. 

Example 59 



50 



55 



(2R.2S)-Methyl-2-((benzyloxycarbonyl)amino)-2-(phenylmethy l)-pent-4-eneoate. 

A 100 ml round bottom flask was charged with a magnetic stir bar. the resultan t compound from 
Examp e 58 (458 g, 12.2 mmol). 95% ethanol (50 ml), water (10 ml), and sod.um hydrox.de (0.9 g, , 24-4 
mmX^e L^n was refluxed under N 2 for 1 h, cooled, concentrated in vacuo. and e res .ting slurry 
««« m% aoueous HCI The aqueous solution was extracted with ethyl ether (2X). The 
Z£S<ZX™Z™£ «X. JU m* fMM mm*. -> =o-n»a« . vacuo .0 
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-100 ml. The ethereal solution was cooled to O'C and treated with excess diazomethane and slowly 
warmed to rt over 1 h. Glacial acetic acid was added dropwise until the excess diazomethane was 
consumed. The resulting solution was concentrated in vacuo and chased with toluene (2X, 150 ml) to 
provide a light brown liquid. Filtration through a short silica gel column (100 gm; 20% ethyl acetate/ hexane; 
5 100 ml fractions) provided the pure title compound (3.91 g, 91%). 



Example 60 

10 

(2R,2S)'Methyl-2-(benzyloxycarbonyl)amino)-2'(methylcarboxaldehyde)-3-phenyl-propanoate. 

is A 250 ml round bottom flask was charged with the resultant compound from Example 59 (0.619 g, 1.75 
mmol), dichioromethane (20 ml), and a magnetic stir bar. The reaction solution was cooled to -78* C and 
ozone bubbled into the solution until a light blue color persisted. The excess ozone was purged from the 
reaction with N2 until the blue color was removed. Excess methyl sulfide (390 mcL, 5.25 mmol) was added 
to the -78° C solution, the cooling bath removed, and the reaction warmed to ~0* C. Concentration in vacuo 

20 and drying under high vacuum to a constant weight provided the title compound (0.69 g, 110%). The 
unpurified aldehyde was used without further purification and could be stored in the freezer (T = 10 C) for 
up to 2 months. MS (El) (M + H) + = 356 (weak). 



Example 61 



(2S)-Methyi-((3R.3S)-((benzyloxycarbonyl)amino)-3-ph 
30 — — - 

An adaptation of the prqcedure of Borch (J. Am. Chem. Soc, 1971, 93. 2897) was followed for the 
reductive amination step. A flask was charged with the aldehyde resulting from Example 63 (217 mg, 0.611 
mmol), the bis hydrochloride salt of methyl L-histidine (148 mg, 0.611 mmol), anhydrous sodium actetate 

35 (100 mg, 1.22 mmol), and freshly activated 4A molecular sieves (0.61 gm). The sodium cyanoborohydride 
(77 mg, 1.22 mmol) was added in a single portion and the reaction stirred at rt for 3 h. Excess 10% 
aqueous HCI was added to adjust the pH to -2. The resulting mixture was then adjusted to pH«10 with 
saturated aqueous Na 2 C0 3 and extracted with ethyl acetate <2X). The combined organic layers were* 
washed (2X, brine), dried (Na 2 SO*). filtered, and concentrated in vacuo to provide the unpurified 

40 aminodiesters (230 mg). The title compounds were obtained by heating the aminodiesters (186.3 mg. 0.372 
mmol) in an -0.1 M solution of 1:1 (v:v) toluene:dimethoxyethane containing HOBT (49 mg, 0.372 mmol) at 
100* C in a resealable tube for 3-8 h. The volatiles were removed in vacuo and the resulting slurry taken up 
in ethyl acetate, washed (1X, saturated aqueous Na 2 C0 3 ; 1X, brine), dried (Na 2 S04), filtered, and 
concentrated in vacuo. Purification by silica gel chromatography using methanohchloroform ^mixtures 

45 provided the title "compounds as a 1:1 mixture at the lactam quaternary center. MS (CI) (M + H) = 477; 
Anal. Calcd. for C 2S H 28 N4(V0.75 H 2 0: C, 63.73; H, 6.07; N, 11.43. Found: C. 63.43; H, 5.76; N, 11.08. 



Example 62 

50 



(2SM(3R,3SM(Benzyloxycarbonyl)amlno)-3-p^ acid. 



The resultant compound from Example 61 (103 mg, 0.22 mmol) was dissolv d in dimethoxyethane (1 
ml) and water added until the solution just clouded. To the resulting solution was added LiOH*H 2 0 (10.0 
mg, 0.24 mmol). The mixture was stirred at rt for 1 h, neutralized with HCI (105 ul of 4.1 M HCI in dioxane), 



92 



EP 0 365 992 A1 



concentrated in vacuo, and dried under high vacuum to provide the title compound. MS (CI) (M + H) 
463. 

Example 63 



^((BenzvloxvcarbonvD amino^-phenylmethyl-a-oxo-l-pyrro lidinvD-WmidazolyDpropionic acid Amide of 
(2S,3R,4S)-2-amino-1-cyclohexyl-3,4-dihydroxy-6-methylheptane. 

The resultant compounds of Example 62 (99.9 mg. 0.22 mmol) and 2 (60.4 mg 022 mmo,) HOBT 
(87.6 mg, 0.65 mmol). and N-methylmorpholine (47.m ul, 0.43 mmol) were dissolved .n dry DMF (0.86 ml) 
and cooled to -23* C (CCU/dry ice bath) under N 2 . To this mixture was added (3-d.memylam,nopropyl)-3- 
ethylcarbodiimide hydrochloride (41.4 mg. 0.22 mmol) in a single portion. The reaction was sirred I h at 
-23* C and warmed to rt as it stirred overnight. The reaction was poured .nto saturated aqueous NaHCO, 
and the resulting mixture extracted (2X. ethylacetate). The combined organic extracts were washed (IX 
brine), dried (Na 2 SO*>, filtered, and concentrated in vacuo. The resulting foam was punfied by sihca gel 
chromatography eluting with methanol chloroform mixtures to provide ir > the orde, of elufioa 
(63A): m.p. = (softening at 145* C) 198.5-201 C. Anal. Calcd. for C 3 ,H 53 N 5 0 6 '0.5 H 2 0. C. 67.22. H. 7.81. 
N, 10.04. Found C, 67.29; H, 7.72; N, 9.70. 

(63B): m.p. = 113-116*0 (bubbling); Anal. Calcd. for C 39 Hs 3 NsO s : C, 68.10; N, 7.77; N. 10.18. Found C. 
67.76; H, 7.82; N. 9.88. 
25 (63C): m.p. ■ 88.5-93* C (bubbling). 

Example 64 



10 



15 



20 



30 



35 



40 



45 



, (4R,5S)-4-methyl-5-phenyl-oxazolidine-2-one 

into a dry 300 ml single-necked, round-bottom flask equipped for magnetic stirring was placed 40.2 g 
(0.27 mol) of (lS.2R)-2-amino-2-phenyl P ropanol. 36 ml (35.1 g. 0.30 mol) of diethyl carbonate and 
approximately 2 g of anhydrous potassium carbonate. The flask was fitted for dist.llat.on through a 12 
vig'eux column and placed in an oil bath preequi.ibrated to 150* C. The stirred solu 
ethanol distillation ceased (overnight). Upon cooling to room temperature, the contents of the flask sol.d.fied 
The reaction product was dissolved in dichloromethane (200 ml), washed once w.th bnne (50 ml), dried oyer 
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to give a " £ 

RecrystallizatJon from toluene afforded 40.8 g (85%) of A as a white solid, mp 120-122 C (L.t. mp 116- 
117* C. Newman. M.S. et al.. J. Amer Chem. Soc., 1951. 73:4199-4203). 

Example 65 



50 



55 



(4R.5S)-4-methyl-5-phenyl-3-(3-phenyl-propionyl)oxazolidine-2-one. 

A mechanically stirred solution of the resultant compound from Example 64 (10 9. 56 4 mmol) in dry 
THF (200 ml) under an atmosphere of nitrogen was treated with n-butyl-lrthium m hexanes (1.05 equ.v 2*6 
ml 56 4 mmol. 2.5 M) at -78* C. After stirring for an additional 20 min at -78 C. hydrocinnamoyl chlor.de 
(9 4 ml 62 mmol, 1.1 equiv) was added and the reaction was allowed to warm to room temperature wrth 
stirring over 2 h. The clear reaction mixture was poured into 100 ml of saturated NH»CI. The organic layer 
was removed and the resulting aqueous layer extracted three times with dichloromethane. The combined 
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organic extracts were washed once with brine, dried (anhydrous sodium sulfate), filtered, and concentrated 
under r duced pressur to afford a crude solid. This material was recrystallized from hot ethyl 
acetate/hexane at 0-5 ' C overnight. First crop yielded 12.9 g. mp 99-100 C. Second crop afforded 3.6 g. 
Total yield 16.5 g (95%). 



70 
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Example 66 



(4R,5S)-3[(2$)-3[(2S)-3t-butoxycarbonyl-2-ben2ylpropionylH-methyl-5-phenyl>oxa2olidine-2-one. 



To a stirred solution of the resultant compound from Example 65 (12.9 g, 41.7 mmol) in dry THF (100 
is ml) under nitrogen was added at -78 ' C a solution of sodium hexamethyl disilylamide 45.9 ml (1 M in THF). 
After 30 min. t-butyl bromoacetate (13.6 ml. 83.4 mmol) was added as a solution in THF. The resulting 
reaction mixture was stirred for 1 h at -78 - C, quenched with sat. NH.CI solution (50 ml) and the entire 
reaction mixture partitioned between diethyl ether and water. The organic layer was separated and the 
aqueous layer extracted once with ether. The combined organic solutions were washed with 10% HCI, sat. 
20 NaHCCb. brine, dried (NazSO*). filtered, and concentrated. The resulting yellow oil was submitted to silica 
gel chromatography (flash): yield 12.4 g (70%). 



Example 67 



Preparation of Benzyl (2S)-2-Benzyl-3-t-butoxycarbonyl Propionate. 

To a stirred solution of dry benzyl alcohol (6.1 ml. 58.4 mmol) in dry THF (100 ml) and cooled to 0-5* C 
(ice-water bath) was added 1<7.5 ml (2.5 M, 43.8 mmol) of n-butyllithium in hexane. After the addition was 
complete, a solution of the resultant compound from Example 66 (12.3 g. 29.2 mmol) in THF was added 
dropwise. After 1 h at 0-5* C the reaction was quenched by adding excess saturated aqueous NH 4 CI. The 
reaction mixture was poured into a separator/ funnel and extracted with diethyl ether (2x100 ml). The 
combined extracts were washed with brine, dried (NaSOO and concentrated to give the desired product and 
benzyl alcohol as a yellow oil. The benzyl alcohol was removed and the product purified by flash 
chromatography; yield 9 g (87%). 

Example 68 



45 (3R)-3-Benzyloxycarbonyl-3-phenylmethylpropionic acid. 

The resultant compound from Example 67 (2.5 g, 7.1 mmol) in methylene chloride (5 ml) was treated 
with trifluoroacetic acid (5 ml). After stirring at 25° C for 90 min, the solvent was evaporated to afford the 
so title compound as a colorless solid (2.05 g, 100%); mp 48-52* C. 

Example 69 



55 



Benzyl (2S)-4-hydroxyl-2-phenylmethylbutanoate. 
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Following the procedure described in Example 100, the resultant + compound from Example 68 (2 g, 7.1 
iol) was converted to the title compound. MS (DCI): 302 (M + NH*) . 285 (M + H) . 



mmol) was ( 

Example 70 



(3S)-3'Benzyloxycarbonyl-3-phenylmethylpropanal> 

TO 

Following the procedure described in Example 101, the resultant compound from Example 69 (350 mg. 
1.2 mmol) was converted to the title compound. 

75 Example 71 



20 



Benzyl (2S)-2-(lmidazol-4-yl methyl)-2-((3S)-p henvlmethvl^oxopyrrolidin-1>yl)acetate. 



Following the procedure described in Example 103, the resultant compound from Example 70 (450 mg, 
1.6 mmol) was converted into the title compound. MS (DCI): 404 (M + H) . 

25 

Example 72 



r 

Following the procedure described in Example 104. the resultant compound from Example 71 (390 mg, 
35 0.79 mmol) was converted into the title compound. MS (DCI): 41 4 (M + H) . 

Example 73 

40 

<2S)-2.(lmidazol-4-yl methy l)j^(3S^ 22!* E^l 2! (2S,3R,4S)-2-amino- 

: Vcyclohexyl>3,4-dihydroxy6-methylheptane. 

45 The resultant compound from Example 72 (160 mg, 0.4 mmol) was treated according to the procedure 
in Example 118 to afford the title compound; mp 109-114 C. MS (DCI): 539 (M + H) . 
Anal. Calcd. for CaiH^NiCW H 2 0: C, 67.53; H, 8.67; N. 10.16. 
Found: C. 67.18; H, B.45; N, 10.09. 

50 

Example 74 



55 

(2S,4S)-3-Benzyloxycarbonyl-2-phenyl-4-ph nylmethyl-5-oxooxazolidine 
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TO 



Following the procedure of Karady, Tett. Lett., 1984, 25:4337. N-Cbz-L-phenylalanine (25 g, 83.5 mmol), 
benzaldehyde (18 g. 170 mmol), and p-toluenesulfonic acid (11.2 g. 58 mmol) were suspended in 1,1,1- 
trichloroethan (300 ml). Th solution was refluxed for 18 hr and the water was removed by azeotropic 
distillation using a Dean-Stark trap for liquids heavier than water. After cooling, the reaction was washed 
with saturated aqueous NaHCCb (3x50 ml), water (1x50 ml), dried over sodium sulfate and concentrated in 
vacuo to produce an orange oil. After about 1 h a solid crystallized from the oil and it was collected by 
vacuum filtration. The orange solid was recrystallized from ethyl acetate/hexane to produce colorless 
crystals (4.0 g, 12%); mp 120-122'C. MS (CI): 405 (M + NH*)*. 388 (M + H) . 

Example 75 



75 (2R,4R)-3-Benzyioxycarbonyl-2-phenyl-4-phenylmethyl-5-oxooxazolidine 

Following the procedure described in Example 74, N-Cbz-D-phenylalanine (25 g. 83.5 mmol) was 
converted into the title compound. 



20 



25 



40 



45 



Example 76 



(2S,4S)-3-Benzyloxycarbonyl-2-phenyl-4-phenylmethy-4-(1-(2-propenyl))-5-oxooxazolidine 

A 250 ml round-bottom flask was charged with the resultant compound from Example 74 (3.75 g, 9.7 
30 mmol), THF (100 ml), and a magnetic stir bar. While under a nitrogen atmosphere, the flask was cooled to 
-78' C and via syringe potassium hexamethyldisilylamide (25 ml, 12.5 mmol, 0.5 M solution in toluene) was 
added dropwise. After 15 min at -78' C, allyl bromide (1.76 g, 14.6 mmol, passed through neutral alumina 
prior to addition) was added over 1 min. After 1.5 h the reaction was quenched with saturated aqueous 
NhUCI (100 ml) and the layers were separated. The aqueous layer was extracted with ethyl acetate (3x100 
35 ml) and the combined organic extracts were washed with saturated aqueous NaCI (2x50 ml), dried over 
Na 2 SO* and concentrated in vacuo to afford a light yellow oil (4.4 g). Flash chromatography (100 g silica 
gel, 20% ethyl acetate/hexaneTTml fractions) afforded the product in 28-50. Concentrate like fractions to 
afford the title compound as a colorless solid (3.3 g. 80%); mp 102-1 04 # C. MS (DCI): 445 (M + NhU) . 428 
(M + H)\ 



Example 77 



(2R,4R)-3-Benzyloxycarbonyl-2-phenyl-4-phenylmethyl-4-(1-(2-propenyl))-5-oxooxazolidine^ 

Following the procedure outlined in Example 76, the resultant compound from Example 75 (2.1 g, 5.4 
so mmol) was converted into the desired compound. 

Example 78 



55 



(2S,4S)-3-Benzyloxycarbonyl-2-phenyl-4-phenylmethyl-4-(1-(3-hydroxypropyl))-5-oxooxazolidine. 
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JO 



The resultant compound from Example 76 (3 g, 7 mmol) was dissolved in dry THF (100 ml) and then 
treated with 9-BBN 0.5 M in THF. 21 ml. 10.5 mmol). After stirring overnight at 25 C. excess 9-BBN was 
quenched by the dropwiie addition of water (1 ml). Th reaction flask was then immersed in a 25 C water 
bath followed by the concurrent and dropwise addition of 3 N NaOH (23 ml. 69 mmol) and 30% H 2 0 2 (23 
ml). Stirring was continued for 10 min after the addition was completed after which the solution was 
saturated with solid NaCI. The layers were separated and th aqueous layer was extracted I with ettier •(3x50 
ml). The combined organic extracts were washed with saturated aqueous NaHCO, (2x50 ml . dried over 
NteSO*. and concentrated in vacuo to afford a colorless solid. Flash chromatography (100 g silica gel. 40 A 
ethyl acetate/hexane. 7 mllrlctioTis) afforded the title compound as a colorless solid in fractions 29-59. 
Recrystallization from methylene chloride/hexane provided the title compound as colorless crystals (2.7 g. 
87%); mp 130-131* C. MS, (DCI): 463 (M + NH*) ,446 (M + H) . 

Example 79 



15 



20 
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35 



40 



45 



(2R.4R)-3-Benzyloxycarbonyl-2-phenyl-4-phenylmethyl-4-(1-(3-hy droxypropyl))-5-oxooxazolidine. 

Following the procedure described in Example 78. the resultant compound, from Example 77 (1.5 g. 3.5 
mmol) was converted into the title compound. 

Example 80 



(2S.4S)>3-Benzyloxycarbonyl-2-phenvl-4-phenylmethyl-4-(2-(ethylcarb oxaldehyde))-5-oxooxa2olidine. 

The resultant compound from Example 78 (860 mg. 1.9 mmol) was dissolved in CH 2 CI 2 (10 ml) and 
added to a vigorously stirred mixture of PCC (1.0 g. 4.9 mmol) and 4 A molecular sieves 4 g) in CH 2 CI 2 - 
(100 ml). Additional portions of PCC (0.5 g. 2.5 mmol) were added after 30 mm and 45 mm. After 1 h totaJ 
reaction time, the mixture was poured into moist ether (200 ml). The reaction flask was nnsed wrth , ettier 
(4x50 ml) and the combined organic solutions were filtered through celite and concentrated m vacuo to 
afford a dark semisolid. The crude product was dissolved in CH 2 CI 2 and filtered through a 4 inch column erf 
florisil. The filtrate (200 ml) was concentrated in vacuo to afford the title compound as a light yellow oil (450 
mg. 52%). MS (DCI): 461 (M + NH*)\ 444 (M + H) . 

Example 81 



(2R.4R)-3-Benzyloxvcarbonyl-2-phenvl-4-phenylmethyl-4-(2-(ethylcarboxaldehvde))-5-oxooxazolidine. 



Following the procedure described in Example 80. the resultant compound from Example 79 (0.6 g. 1.3 
so mmol) was converted into the desired product. 



Example 82 



55 



(2S)-MethyH(3S)-(Ben Z vloxycarbonyl)aminoV3-phenylmethvl-2-oxo-1-piperidinyl)-3-(4-imidazolyl)propionate. 
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Following the procedure described in Example 102. the resultant aldehyde from Example 80 (443 mg, 1 
mmol) was reductively aminated with the bis hydrochloride salt of L-histidine methyl ester (242 mg. 1 
mmol) The resulting aminoester (600 mg. 1 mmol) was converted to the corresponding lactam by refluxing 
in absolute methanol (60 ml) in th pres nee of isopropylamine (170 ul, 1.95 mmol) under N 2 for 4 h. The 
5 volatiles were removed and the resulting substance was purified by flash chromatography (55 g silica gel. 
5% MeOH/CHCI 3 , 8 ml fractions), affording the title compound as a colorless foam (300 mg. 61%). MS (CI): 
(M + Hf = 491. Exact mass calcd. for C 27 H 3 iN*0 5 (M + H)*: 491.2294. Found: 491.2294. 

10 Example 83 



(2S) Methyl ((3RH(^^ 



75 
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Following the procedure described in Example 102. the resultant compound from Example 81 (400 mg. 
0.9 mmol) was reductively aminated with the bis hydrochloride salt of L-histidine methyl ester (218 mg, 0.9 
mmol). The resulting aminoester (520 mg. 0.37 mmol) was dissolved in dry methanol (20 ml). Anhydrous 
sodium acetate (350 mg, 4.5 mmol) and glacial acetic acid (two drops) were added and the solution was 
heated in a seated tube for 15 h at 110' C. The solution was concentrated in vacuo and the resulting 
residue was partitioned between ethyl acetate (100 ml) and saturated aqueous NaHCOa (50 ml). The 
aqueous layer was further extracted with ethyl acetate (3x50 ml) and the combined organic extracts were 
dried over Na 2 SO* and concentrated in vacuo to afford a yellow foam. Flash chromatography with 
methanol/chloroform mixtures provided the title compound as a colorless foam (180 mg. 42%). MS (CI): 491 
(M + Hf. 

Example 84 



Lithium (2S)-2-((1 -tert-Butyloxycarbony l)-1 -imidazol-4-yl methyl)-3-((3SH(benzyloxycarbonyl)amino)-3- 

phenylmethyl-2-oxo-1"plperidinyl)acetate. 

The resultant compound from Example 82 (260 mg. 0.53 mmol) was dissolved in dioxane (2 ml) and 
cooled to 0*C under a N 2 atmosphere. Aqueous LiOH (0.5 M, 1.2 ml. 0.6 mmol) was added dropwise and 
the solution was stirred for 2 h at 0* C. Di-tert-butyl dicarbonate (127 mg. 0.58 mmol) was added at 0 C 
and the solution was warmed to room temperature over 1 h and stirred one additional h. The solution was 
concentrated to afford the title compound as a colorless foam. 

Example 85 



45 



Lithium (2S)-2-((1-tert-Butyloxyc^ 

" ' 2-QXO-1 ■piperidinyi)acetate 



50 



Following the procedure described in Example 84, the resulting compound from Example 83 (160 mg. 
0.33 mmol) was converted into the title compound. 



55 

Example 86 and 87 
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(2R or 2S H (3SHggn^^ — 
— - - amiria of <2S.3H.4S)-2-amino-1-cyclo hexyl-3.4^ihydro x v-6-memyinep;ane 

5 The resultant compound of Example 84 (300 mg. 0.53 mmol) the resultant 

and washed with saturated aqueous NaHCOT(3x50 ml), saturated aqueous NaCI (2 x 50 rn» dried ove 
N^sof^d concentrated in vacuo to provide a yellow foam. Flash chromatography (2.5% MeOH/CHCb) 



15 



20 



afforded in the order of elution. 

(86) (116 mg): mp 95-101 ' C. MS (FAB): 702 (M + H) . 

Anal. Calcd for C*oH 55 N 5 0 6 '.6 H 2 0: C. 67.41. H 7.95, N, 9.83. 
Found: C. 67.12; H, 7.85: N, 9.87. 

(87) (108 mg): mp 98-105° C. MS (FAB): 702 (M + H) . 

Anal. Calcd. for C*oH 55 N 5 CV.2 H 2 0: C, 68.10: H, 7.92; N, 9.93. 
Found: C. 67.79; H, 7.89; N, 9.78. 



25 



Example 88 



(2R or 2SHgRHggnzy^^ — 
— ~ amiri! nt ( 2S.3H.4S)-2-amino-1-cyclo hexvl-3,4-dihydrox y-6-methyineptaner 



30 



Following the procedure described in Example 86. the resultant compound ^^^c" SffS 
0.33 mmol) was converted into the title compounds as an inseparable mrxture; mp 95-105 C. MS (FAB). 
35 702(M + H)\ 



Example 89 



40 



45 



50 



(2F0-2-Hydroxy-3-phenylpropanoic add. (J. Med. Chem. 23, 666 

filtration to afford the title compound as a colorless solid (9 g, 54%); mp - 124-125 C. 

Example 90 



55 



Methyl (2R)-2-Hydroxv-3-phenylpropanoate. 
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Following the procedure of Cohen (J. Am. Chem. Soc, 1964, 88. 5326). the resultant compound from 
Example 89 (8.6 g, 52 mmol) was dissolved in dry methanol (250 ml). p-Toluenesulfonic acid (2 g. 10.5 
mmol) was added and the solution was refiuxed for 2 h. The cooled solution was concentrated in vacuo and 
the residue was dissolved in ether (400 ml). The ether solution was washed with saturated aqueous 
NaHC0 3 (3x50 ml), water (2x50 ml). 0.1 N H 2 S04 (1x50 ml), water (1x50 ml), dried over NazSO*. and 
concentrated in vacuo to afford a colorless solid. The solid was recrystallized from hexane to prov.de the 
title compound as colorless needles (7.7 g. 83%); mp = 46-47' C. 



10 Example 91 
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Methyl (2R)-3-phenyl-2-(1 -(2-propenoxy)propanoate. 

The resultant compound from Example 90 (3.8 g. 21 mmol) and allyl bromide (5.1 g, 42 mmol) in dry 
DMF (20 ml) was cooled to 0 # C. Sodium hydride (60% in oil. 556 mg. 23.2 mg) was added in portions over 
1 h and stirring at O'C was continued for 1 additional h. The solution was carefully poured into saturated 
aqueous NHUCI (100 ml) and extracted with ether/hexane (1:1, 5x100 ml). The combined organic extracts 
were washed with saturated aqueous NaCI (2x50 ml), dried over Na 2 SO* t and concentrated in vacuo to 
afford a yellow oil (4.4 g). Flash chromatography (100 g silica gel. 40% ethyl acetate/hexane, 8 ml fractions) 
afforded the product in fractions 22-30 which were concentrated in vacuo to afford the title compound as a 
colorless oil (4 g, 80%). MS (DCI): 238 (M + NHU)*, 221 (M + H)\ 

Example 92 



Methyl (2R)-2(formylmethoxy)-3-phenyl propanoate. 

r 

A CH 2 CI 2 solution (200 ml) of the resultant compound from Example 91 (3.9 g, 17.7 mmol) was cooled 
to -78' C and treated with a stream of 0 3 for 45 min. Excess ozone was removed with a stream of N 2 and 
dimethyl sulfide (4 ml) was added. After stirring overnight at room temperature, the solution was con- 
centrated to afford the titled compound as + a light yellow oil (4.0 g. 101%) which was used without further 
purification. MS (DCI): 256 (M + NhU + H 2 0)\ 240 (M + NH4) . 

Example 93 



45 Methyl (2S)-2-(lmidazol-4-yl methyl)-2-(3R)-phenylmethyl-2-oxomorpholin-1-yl)acetate. 

Following the procedure described in Example 105. the resultant aldehyde from Example 92. (1 g, 4.5 
mmol) was reductively aminated with the bishydrochloride salt of L-histidine methyl ester (1.09g, 4.5 mmol). 
50 The resulting aminoester (700 mg. 1 .9 mmol) was dissolved in dry methanol (20 ml) and heated in a seated 
tube for 45 h at 110* C. The cooled solution was concentrated and purified by flash chromatography using 
methanol/chloroform mixtures to afford the title compound as a light yellow foam (230 mg, 37%). MS (DCI): 
344 (M + H)\ 



55 



Example 94 
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Lithium (2S)-2-((1-tert-Butyloxy^^ 

Following the procedure described in Example 87, the resultant compound from Example 93. (220 mg 
5 0.6 mmol) was treated with LiOH (0.5M. 1.2 ml. 0.6 mmol) and then di-tert-butyl dicarbonate (131 mg. 0.6 
mmol) to afford the title compound as a light yellow foam. 

Example 95 

10 

( 2R or 2S)-((3R)-3-phenylmethyl-2-oxo>1-morpholin-1-yl)-3-(4-imidazolyl)propionic acid I amide of (2S,3R,4S)-2- 
amino-1-cyclohexyl-3,4-dihydroxy"6-methylheptane 



15 



20 



25 



Following the procedure described in Example 92. the resultant compound from Example 94, the 
resultant compound from Example 2 (168 mg. 0.6 mmol), HOBT (243 mg. 1.8 mmol), N-methylrnorphol.ne 
(67mg 0.66 mmol) and ED AC (115 mg. 0.6 mmol) provided the intermediate compound which was treated 
with HOAC/THF/H20 (3:1:1) at 50* C for 4 h. Normal workup afforded a crude product which was purified on 
silica gel using chloroform/methanol mixtures to afford in the order of elution. 
(95A) (110 mg): mp 125-127* C. MS (FAB): 555 (M + H}\ 
(95B) (85 mg): mp 105-107* C. MS (FAB): 555 (M + H) . 



Example 96 
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(4R)-3-(3-Phenylpropionyl)-4-(2-propyl)oxa2olidine-2-one. 

To a stirred solution' of 4-(2-propyl)-oxazolidlne-2-one in anhydrous tetrahydrofuran (250 ml) under a 
nitrogen atmosphere at -78* C was added in a dropwise fashion a solution of n-butyllithium in hexane (50 
mi 77.4 mmol) over 5 to 10 min. After stirring an additional 20 min at -78 C 3-phenylpropionyl chlor.de 
(12 7 ml 85.2 mmol) was added neat. The reaction was warmed to room temperature and stirred 1 to 2 h. 
The reaction was quenched by adding 100 ml of saturated aqueous ammonium chloride and the volatiles 
were removed by rotary evaporation. The resulting aqueous residue was extracted three times with ether 
and the combined organic phases were washed with brine, dried (NazSO*), filtered and concentrated in 
vacuo. Recrystallization from hexanes/ethyl acetate provided the title compound (16.6 g ( 82%). m.p. = 
86^87.5* C. Mass spectrum: (M + NhW)* = 279, (M + H)* = 262. 

Example 97 



45 



50 



55 



(4R)-3-((2R)-3-t-butoxycarbonyl-2-benzylpropionyl)-4-(2-propyl)-oxazolidine-2-one. 

To a stirred solution of the product resulting from Example 96 (2.28 g. 8.72 mmol), in anhydrous 
tetrahydrofuran (30 ml) under a nitrogen atmosphere at -78* C was added a solution of sodium hexamethyl- 
disilylam.de (9.6 ml, 9.59 mmol) in tetrahydrofuran. After stirring for 30 min at -78 C, t-butyl bromoacetate 
(2 21 g, 11.34 mmol) was added in anhydrous tetrahydrofuran and the resulting solution stirred 1 h at 
-78* C. The reaction was quenched by adding 20 ml of saturated aqueous ammonium chloride and then 
partitioning the mixture between water and ether. The aqueous layer was drawn off and extracted with ther. 
The combined organic phases were washed with 10% aqueous HCI, saturated aqueous NaHC0 3 and brine, 
dried (NazSO*). filtered, and concentrated in vacuo . Recrystallization from acetone/ hexanes provided the 
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desired purified product (2.59 g. 79%). m.p. = 167-168* C. Mass spectrum: (M + NH«) = 393. (M + H) 
376. 



Example 98 



Ben2yl-(2R)-3-(t-butoxycarbonyl)-2-benzyl-propionate. 



10 



To a stirred solution of dry benzyl alcohol (0.55 ml, 5.33 mmol) In anhydrous tetrahydrofuran (18 ml) 
under a nitrogen atmosphere at 0* C was added a hexane solution of n-butyllithium (2.58 ml, 4.00 mmol). 
To this solution was added the product from Example 97 in anhydrous tetrahydrofuran (10 ml). After stirring 
is 1 h at 0*C the reaction was quenched by adding excess saturated aqueous ammonium chloride. The 
volatiles were removed by rotary evaporation and the resulting aqueous residue extracted two times with 
ether. The combined organic layers were washed with brine, dried (Na 2 S04). filtered, and concentrated in 
vacuo provided an oil which was purified by chromatography on Si0 2 (15% + ether acetate/hexanes) to 
provide the desired product (0.89 g, 94%) as a colorless oil. Mass spectrum: (M) = 354. 
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Example 99 



(2R)-3-tert-Butyloxycarbonyh2-phenylmethylpropionic Acid. 

The diester from Example 98 (1.41 g) and 10% palladium on carbon (0.70 g) in methanol were stirred 
30 under a hydrogen atmosphere for 2 h. Filtration and solvent evaporation afforded 1.03 g (98%) of the 
desired product as an oil. 1 H NMR (CDCl 3l TMS) 5 7.1-7.4 (m.5H), 2.95-3.15 (m t 2H), 2.72 (dd,1H). 2.56 
(dd,1H), 2.32 (dd.lH), 1.40 (s<9H). 

35 Example 100 



tert-Butyl (3R)-4-Hydroxy-3-phenyimethylbutanoate, 



To the resultant acid from Example 99 (1.03 g, 3.90 mmol) in tetrahydrofuran (4 ml, THF) at 0*C was 
added BH 3 in THF (5.8 ml. 5.8 mmol, 1.0 molar) over 2 min. After 2 h at 0* C the mixture was brought to 
room temperature and stirred for 2 h. The reaction was poured into saturated NaHC0 3 solution and 
45 extracted into ethyl acetate which was dried over Na 2 SO* and evaporated. Chromatography of the residue 
on silica gel with ethyl acetate/hexane mixtures afforded 0.55 g (56%) of the desired product as an oil. 'H 
NMR (CDCb, TMS) 5 7.15-7.35 (m,5H), 3.65 (m,1H), 3.52 (m,1H), 2.65 (m,2H), 2.30 (m,2H), 1.90 (m,1H), 
1.46 (s,9H). 



50 



Example 101 



55 (2R)-1-tert-Butyloxycarbonyl-2-phenylmethylpropanal. 

To oxalyl chloride (0.30 ml. 3.52 mmol) in methylene chloride (4 ml) at -69* C was added dim thyisul- 
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foxida (0.35 ml. 4.9 mmol) in methylene chloride (5 ml). After 5 mln the resultant compound from Example 
00 (547 0 mg 2.19 mmol) in methylene chloride (9 ml) was added. After an additional 10 mln at -69 C 
TthylamL ( .20 ml. 8.56 mmol) was added dropwise. After 15 mln the reaction was quenched w,th 2 M 
HC (10 ml), poured into hexane and washed with water and brine, then dried ^f^^T^X 
to afford 529 5 mg (98%) of the desired aldehyde as an oil. <H NMR (CDCb, TMS) « 9.80 (s.1H). 7.15-7.35 
(m.5H). 3.10 (m.1H). 2.70-2.90 (m,2H), 2.57 (m.1H). 2.37 (m.lH). 1.43 (s,9H). 



10 



is 
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Example 102 



N-((2R)-1-tert-Butyloxycarbonyl-2-phenvlmethylpropyl)histidine Benzyl Ester. 

To the resulting aldehyde from Example 101 (526.0 mg. 2.12 mmol) in isopropanol (40 ml) mm. ; added 
L-histidine benyl ester di-p-toluenesulfonic acid salt (1.31 g. 2.22 mmol). anhydrous sod.um acetate (0.52 g 
6.3 mmol) and sodium cyanoborohydride (0.20 g. 3.18 mmol). After 80 h at roorr 'temperature the m.rture 
was poured into saturated NaHCO a solution and extracted into ethyl acetate wh.ch was dned over Na 2 SO* 

20 and SSto e g d ra P hy of the residue on silica gel with 

(25%) of the desired product as an oil. 'H NMR (CDCb. TMS) S 7.51 (d.lH). 7.10-7.40 (m.lOH). 6.75 (S.1H). 
5.12 (S.2H). 2.98 (dd.1H), 1.45 (S.9H). 

Example 103 



30 Benzyl f2S)-2-(imlda Z ol-4-ylmethyl)-2-((4R)-phenylmethyl-2-oxop y rro lidin-1-yl)acetate. 

The resultant compound from Example 102 (247.2 mg. 0.518 mmol) was stir red tor 90 min in 
trifluoroacetic acid. After solvent evaporation the residue was dissolved in water and lyophohzed to a white 

3S powder. 1-Hydroxybenztriazole (190 mg. 1.41 mmo.). dimethylformamide (5 m ^^Z Z 1 (3- 
(125 ul. 1.14 mmol) were added, then the mixture was cooled to -23 C and Jr^ed wrth 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (140 mg. 0.73 mmo.) After 2 h at -23 C a* 16 h 
at room temperature the mixture was poured into saturated NaHCOa solutoon and extracted mto ethyl 
acetate which was washed with water and brine, then dried over Na 2 SO« and evaporated. 

«, Chromatography of the residue on silica gel with methanol-chloroform , rrnxtures afforded M.0 mg 
(93%) of the desired product as an oil. 'H NMR (CDCIa. TMS) S 7.52 (jWJW«W ih! 
5 25 <m.2H), 5.12 (m.1H). 3.42 (dd.1H). 3.31 (dd.1H). 3.10 (m.2H). 2.51 (m.2H). 2.38 (dd.lH). 2.12 (dd,1H). 
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Example 104 



(2S)-2-((1-tert-Butylox^^ 

50 " 

The resultant compound from Example 103 (191.0 mg. 0.473 mmol) and di-te rt-butyldicarbonate (115^0 
mg. 0.527 mmol) in methylene chloride (1.5 ml) were stirred at room temperature for 16 " After solvent 
evaporation the residue was treated with 10% palladium on carbon (200 mg), taken up .n methanol (5 ml) 
55 endued under a hydrogen atmosphere for 2 h. The 

to afford 177.8 mg (91%) of the desired acid as a foam. 1 H NMR (CDCIa. TMS) 8 8.05 (d.1H). 1.61 (s.9H). 
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Example 105 

5 (3R)-3-Benzyloxycarbonyl-3-phenylmethylpropionic Acid. 

The resultant compound from Example 98 (1 1 .76 g, 33.2 mmol) in methylene chloride (25 ml) was 
treated with trifluoroacetic acid (25 ml). After stirring at room temperature for 90 min the solvent was 
io evaporated to afford 9.91 g (100%) of the desired product as a solid, m.p. 48-51 * C. 

Example 106 

75 

Benzyl (2RH-Hydroxyl-2-phenylmethy)butanoate. 

20 The resultant compound from Example 105 (537.2 mg, 1.801 mmol was treated according to the 
procedure of Example 100 to afford 341.8 mg (67%) of the desired product as an oil. 'H NMR (CDCb, 
TMS) 5 7.10-7.40 (m,10H), 5.05 (s,2H), 3.65 (m,2H), 3.02 (dd.1H), 2.92 (m.lH), 2.80 (dd,1H), 1.93 (m.1H), 
1.82 (m,1H). 

25 

Example 107 

30 (3R)-3-Benzyloxycarbonyl-3-phenylmethylpropanal. 

r 

The resultant compound from Example 106 (338.0 mg, 1.19 mmol) was reacted according to the 
procedure of Example 101 to afford 328.1 mg (98%) of the desired product as an oil. 'H NMR (CDCb, 
35 TMS) h 9.70 (S.1H). 7.10-7.40 (m,10H), 5.11 (s,2H), 3.15-3.30 (m,1H), 3.07 (dd.1H), 2.40-2.90 (m,3H). 

Example 108 

40 

Benzyl (2S)-2-(lmidazol-4-ylmethyl)-2-((3R)-phenylmethyl-2-oxopyrrolidin-1-yl)acetate. 

45 The resultant compound from Example 107 (155.8 mg, 0.552 mmol) was reductively aminated 
according to the procedure of Example 102. The resulting amine spontaneously cyclised to afford after 
chromatography 142.0 mg (64%) of the desired product as an oil. 'H NMR (CDCI 3 , TMS) 5 7.51 (d,1H), 
7.10-7.40 (m,10H), 6.78 (s,1H), 5.21 (d,1H) f 5.18 (d,1H), 5.13 (dd,1H), 3.20-3.35 (m,3H), 3.10 (m.2H), 2.70 
(m.1H), 2.39 (dd,1H), 1.95 (m,1H), 1.58 (m,1H). 

50 

Example 109 



55 

(2S)-2-((1-tert-ButyloxycarbonylHm^ Acid. 
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The resultant compound from Example 108 (142.0 mg, 0.352 mmol) was tr at d according to the 
procedure of Example 104 to provide 133.1 mg (91%) of the desired product as a foam. 1 H NMR (CDCb. 
TMS) 5 8.03 (s t 1H) ( 1.60 (s.9H). 



75 



20 



25 



30 



35 



Example 110 



70 N-((2SHert-Butyloxycarbonylamino-3-phenylpropyl)histidine Benzyl Ester. 

Boc-phenylalanal (479.9 mg, 1.997 mmol) was reductively aminated according to the procedure of 
Example 102 to provide 643.1 mg (67%) of the desired product as a foam. 1 H NMR (CDCb, TMS) 5 7.50 
(s,1H), 7.10-7.40 (m,10H), 6.71 (s,1H). 5.15 (d,1H), 5.11 (d.1H). 4.77 (br,1H), 3.87 (br.1H). 3.50 (dd,1H). 3.02 
(dd,1H), 2.42 (dd,1H), 1.41 (s,9H). 



Example 1 1 1 



Benzyl (2S)-2-(lmidazol-4-ylmethyl)-2-((4S)-ph^ 

The resultant compound from Example 110 (295.0 mg, 0.616 mmol) was deprotected with trifluoroacetic 
acid as described in Example 103. The resultant powder was dissolved in methylene chloride (4 ml), treated 
with N-methylmorpholine (0.21 ml, 1.91 mmol), cooled to o'C, and then treated with carbonyldi imidazole 
(121 mg, 0.746 mmol) in methylene chloride (8 ml). After 90 min at 0* C and 18 h at room temperature the 
mixture was poured into saturated NaHCOa solution and then extracted into ethyl acetate which was dried 
and evaporated. Chromatography of the residue on silica gel with methanol-chloroform mixtures afforded 
162 9 mg (65%) of the fiesired product. ! H NMR (CDCb, TMS) 5 7.50 (s,1H). 7.05-7.40 (m.10H), 6.83 
(s f 1H), 5.25 (d.lH). 5.18 (d,1H), 3.76 (m,1H) t 3.55 (m,1H), 3.30 (dd,1H), 3.22 <dd,1H), 3.08 (dd.1H), 2.72 
(dd,1H), 2.64 (dd,1H). 

Example 112 



40 



Hi 

(2S)-2-((1-tert-Butyloxyca^ Acld - 

The resultant compound from Example 111 (189.5 mg, 0.469 mmol) was treated according to the 
procedure of Example 104 to provide 176.7 mg (91%) of the desired product as a foam. 1 H NMR (CDCb, 
TMS) 6 8.00 (s,1H), 1.59 (s,9H). 



50 



55 



Example 113 



Boc-N-lsobutyl-L-Phe Methyl Ester. 



To L-Phe methyl ester hydrochloride (0.54 g, 2.5 mmol) in isopropanol (50 ml) was added isobutyral- 
dehyde (0.24 ml, 2.6 mmol). anhydrous sodium acetate (0.41 g, 5.0 mmol), and sodium cyanoborohydride 
(0.24 g, 3.8 mmol). After 16 h the reaction was worked up as described in Example 108 to provide a residue 



105 



EP 0 365 992 A1 



which was taken up in chloroform and filt red. The filtrate was evaporated to afford 0.58 g (98%) of N- 
isobutyiPhe methyl ester as a mobile oil. This product was dissolved in methyl ne chloride (5 ml), treated 
with di-tert-butyldicarbonate (0.55 g, 2.5 mmol), and stirred at room temperature for 26 h. Evaporation of the 
solvent and chromatography of the residue on silica gel with ethyl acetate-hexane mixtures afforded 0.58 g 
(71%) of the desired product as an oil. 'H NMR (CDCI 3 , TMS) 5 7.10-7.30 (m,5H). 3.73 (s,3H), 1.46 (s,9H), 
0.65-0.85 (m f 6H). 



Example 114 

10 



Boc-N-lsobutylphenylalanol. 



To the resultant compound from Example 113 (0.58 g, 1.73 mmol) in ethanol (4 ml) at 0* C was added 
ground CaCI 2 (0.38 g, 3.4 mmol), tetrahydrofuran (4 ml), and then sodium borohydride (0.26 g, 6.9 mmol). 
After 24 h at 0*C the reaction was poured slowly into a mixture of citric acid (4 g) and ice (20 g) and 
extracted into ethyl acetate which was dried over Na 2 SO A and evaporated. Chromatography of the residue 
20 on silica gel with ethyl acetate-hexane mixtures afforded 0.43 g (81%) of the desired product as an oil. 'H 
NMR (CDCb, TMS) 5 7.15-7.30 (m.5H), 3.82 (m,2H), 1 .47 (s,9H), 0.82 (d,3H), 0.75 (d,3H). 



Example 115 

25 



N-((2S)-tert-Butyloxycarbonyl(isobutyl)amino-3-phenylpropyl)histidine Benzyl Ester. 



The resultant compound from Example 114 (435.6 mg. 1.417 mmol) was reacted according to the 
procedure of Example 101 and the resulting aldehyde was reductiveiy aminated according to the procedure 
of Example 102 to provide 405.3 mg (53%) of the desired product as a foam. 'H NMR (CDCb, TMS) $ 7.49 
(s.1H), 7.10-7.40 (m.10H), 6.74 (s.1H), 5.11 (S.2H), 1.43 (s,9H) t 0.78 (d,3H), 0.72 (d,3H). 

35 

Example 116 



40 

Benzyl (2S)-2-(lmidazo)-4-ylmethyl)-2-(3-isob^ 



The resultant compound from Example 115 (402.0 mg. 0.752 mmol) was reacted according to the 
45 procedure of Example 111 to provide 109.2 mg (32%) of the desired product as a foam. 'H NMR (CDCb, 
TMS) 5 7.47 (d,1H), 7.00-7.40 (m,10H), 5.25 (d,1H), 5.16 (d.lH), 4.93 (dd,1H), 3.68 (rn.lH). 2.95-3.30 (m,6H), 
2.85 (dd,1H), 2.44 (dd,1H), 1.83 (M.1H), 0.88 (d,3H), 0.75 (d,3H). 



Example 117 



(2S)-2-((1-tert-Butyloxycarbonyl^ 

5 £ acetic Acid. 



Th resultant compound from Example 116 (109.0 mg, 0.237 mmol) was treated according to the 
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procedure of Example 104 to afford 101.2 mg (91%) of the desired product as a foam. 'H NMR (CDCb. 
TMS) i 8.04 (d,1H), 1.60 (s,9H), 0.92 (d,3H), 0.84 (d,3H). 



Example 118 



(2SV2-(i midazol-4-ylmethyl)-2-(3-isobutyl-(4S)-phenylmethylimldazolidin-2-one-1-yl)acetic Acid Amide of {2S> 
, 0 ~ Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptaneT ^ 

To the resultant compound from Example 117 (49.8 mg, 0.106 mmol) in methylene chloride (3 ml) at 
-10' C was added N-methylmorpholine (0.014 ml, 0.127 mmol) followed by isobutyl chloroformate 0.014 

,5 ml, 0.107 mmol). After 3 min the resultant 3(R).4(S) amine from Example 2 (26.0 mg, 0.107 mmcfl i was 
added, the mixture was stirred at -10* C for 15 min and then at room temperature for 2 h. The solvent was 
evaporated and the residue was dissolved in acetic acid (3 ml), tetrahydrofuran (1 ml) and water (1 ml), and 
heated at 45-50' C for 12 h. After solvent evaporation the residue was partitioned between saturated 
NaHCOa solution and ethyl acetate, and then extracted into ethyl acetate which was dried over Na 2 SO* and 

20 evaporated. Chromatography of the residue on silica gel with methanol-chloroform mixtures afforded 32.6 
mg (52%) of the desired product as a solid, m.p. 105-110 C. 
Anal. Calcd. for C 3 *Hs3N 5 O**0.25 H 2 0: C, 68.03; H, 8.98; N. 11.66. 
Found: C, 68.01 ; H, 8.92; N, 11.41. 



25 



Example 119 



30 



35 



40 



(2S)-2-(imida Z ol -4-ylmethyl)-2-(3-isobutyl-(4S)-phenylmethylimida20lid in-2-one-1-yl)acetic Acid Amide of 

(2 S,1 R,5S)-3-Ethyl-S-(1 '-hydroxy-2 -amino-3 -cyclohexylpropyl)oxazolidin-2-one. 

i 

Using the procedure of Example 118 but replacing the resultant amine of Example 2 with the compound 
from Example 9 which had been deprotected according to the procedure of Example 2 provided the des.red 
product as a solid. 

Exact Mass Calcd. for CaiHstNsOs (M + H): 623.3921. Found: 623.3919. 

'H NMR (CDCb, TMS) h 7.66 (S.1H), 7.10-7.40 (m,5H), 6.96 (d,1H), 6.85 (s,1H). 4.55 (m f lH), 2.91 (dd t lH), 
0.91 (m,6H). 0.84 (t,3H). 

Example 120 



45 



(2SV2-(lmid azol-4-ylmethyl)-2-((4S)-phenylmethylimidazolidin-2-one-1-yl)acetic Acid Amide of (2S)-Amino-1- 
C yclohexy1-3(R),4(S)-dihydroxy-6-methylheptane. 



so Using the procedure of Example 118 with the resultant acid from Example 112 afforded the desired 
product as a solid, m.p. 117-119* C. 

Anal. Calcd. for CaoHUsNsO^O^ H 2 0: C, 65.88; H, 8.44; N, 12.80. 
Found: C, 66.22; H. 8.50; N, 12.37. 

55 

Example 121 
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(2S)-2-(lmidazol-4-yimethyl)-2-((3^^ Acid Amide of (2S)-Amino-1 - 

~~ cyclohexyl-3(R).4(S)-dihydroxy-6-methylheptane. 

s Using the procedure of Example 118 with the resultant acid from Example 109 afforded the desired 
product as a solid, m.p. 92-95* C. 
Anal. Calcd. for CsiHieNiO*: C, 69.12; H, 8.61; N, 10.40. 
Found: C. 68.90; H, 8.55; N, 10.14. 

70 

Example 122 



75 (2S)-2-(lmida20l-4-ylmethyl)-2-((4R)-phenylmethyl-2-oxopyrrolidin-1-yl)acetic Acid Amide of (2S)-Amino-1- 

cyclohexyl-3(R),4(S)»dihydroxy-6-methylheptane. 

Using the procedure of Example 118 with the resultant acid from Example 104 afforded the desired 
20 product as a solid, m.p. 83-86* C. 

Anal. Calcd. for C 31 H4 6 N*O^0.5 H 2 0: C, 67.98; H, 8.65; N, 10.23. 
Found: C. 68.19; H f 8.54; N, 10.18. 



25 Example 1 23 



3-[3(RH3-(tert-Butyloxycarbonyl)-2,2-dimethy^ 

30~ 1-oxopropylH(R)-methyl-5(S)-phenyl-2-oxazolidinone. 

r 

Prepared from (S)-cyclohexyialaninol in analogy to the procedure of S. Thaisrivongs, D.T. Pals, L.T. 
Knoll, S.R. Turner, and F.S. Han, J. Med. Chem. , 1987 , 30, 976-982. 
35 'H NMR (CDCI 3 ) 5 0.91 (d,3H), 1.06(d,3H), 1.1 (d,3H), 0.9-1.4 (several bm), 1.48 (2S.9H). 1.5-1.9 (several 
bm), 2.12 (bd,1H), 2.3 (m.1H), 3.81 (dd,1H), 3.94 (td,1H), 4.04 (bm,1H), 4.22 (dd,1H), 4.84 (dq,1H), 5.61 
(d,1H), 7.31-7.45 (m,5H); 13 C NMR (CDCl 3 ) 5 14.72, 19.43, 20.09, 26.02, 26.30, 26.43, 26.49, 26.88, 27.51, 
28.48 (3C). 29.00, 32.51, 34.37, 34.76, 50.78, 54.89, 56.15, 70.63, 78.47, 79.81, 81.64, 94.24, 125.61 (2C), 
128.70 (2C), 128.75, 133.31, 151.64, 152.54, 173.40. Mass spectrum: (M + H) + = 587. 



40 



45 



Example 124 



3-[3(R)-[3-(tert-Butyloxycarbonyl)-2,2-dimethyl-4(S)-cyclohexylmethyl-5-(R)-oxa2olidinv . 
thionyloxy]-2(R)-isopropy]-1-oxopropylH(R)-methyl-5(S)-phenyl-2-oxa20lidinone. "~ 

50 The resultant compound from Example 123 (1.840 g, 3.136 mmol) and 1,l'-thiocarbonyldiimidazolide 
(1.128 g, 6.330 mmol) were refluxed in 8 ml dry 1 ,2-dichloroethane under a nitrogen atmosphere for 24 h. 
The mixture was concentrated and the residue was purified by flash chromatography on silica gel (2.5% 
methanol in dichloromethane), affording 1.896 g (87%) of the desired compound. 'H NMR (CDCI3) 5 0.93 
(d,3H). 1.04 (d,3H), 1.08 (d,3H), 0.9-1.1 (bm), 1.1-1.4 (bm), 1.5 (bs,9H), 1.6-1.9 (several bm), 2.05 (m,1H), 

55 4.13 (bm,1H), 4.23 (dd.1H), 4.81 (dd,1H), 4.94 (dq,1H), 5.70 Jd,1H), 6.33 (dd,1H), 7.06 (bs,1H), 7.3-7.5 
(m,5H), 7.61 (bs,1H), 8.40 (bs,1H). Mass spectrum: (M + H)* = 697.3629. Calcd. for C37H53N4O7S: 
697.3635. 
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Example 125 



" " (R)-methyl-5(S)-phenyl-2-oxazolidinone. ~ 



70 



(5 



20 



The resultant product from Example 124 (129 mg, 0.185 mmol) was dissolved in 10 ml dry toluene and 
added slowly dropwise over 30 min to a refluxing solution of tri-n-butyltin hydride (93 ul. 100 mg, 0.346 
mmol) in 15 ml dry toluene under a nitrogen atmosphere. Reflux was continued for an additional 10 h. The 
resulting solution was cooled, concentrated in vacuo , and the residue was triturated with four 10 ml portions 
of acetonitrile, with gentle warming. The combined acetonitrile extracts were washed with three 20 m 
portions of hexane. then the combined hexane phases were back-extracted with 20 ml of acetonitrile. Al 
acetonitrile phases were combined and concentrated in vacuo. The crude product was purified by silica ^gel 
chromatography (hexane-ethyl acetate 9:1) to give 73 mg (69%) of the desired product 'H NMR (CDCI 3 ) « 
0 90 (d.3H), 0.92 (d,3H). 0.9-1.1 (bm,3H), 1.06 (d,3H), 1.15-1.35 (bm.3H). 1.51 (bs.9H). 1.57-2.U (several 
bm), 3.84 (m,1H), 3.97 (m,1H), 4.85 (dq.1H), 5.68 (d.1H). 7.3-7.46 (m.5H). Mass spectrum: (M+H) = 571. 

Example 126 



252(S)-fr3-tert-Butyloxy(»rbonyl)-2,2-dimethyl-4(S)-cyclohexylmethyl-5(S)-oxazolidinyl]memyll-3-methylbutano^ 



acid. 



30 



35 



40 



The resultant product from Example 125 (842 mg, 1.476 mmol) was dissolved in 15 ml tetrahydrofuran 
and 5 ml water, and treated with a solution of lithium hydroxide manohydrate (125 mg, 2.98 mmol) in 30 /« 
aqueous hydrogen peroxide (1.1 ml, 366 mg hydrogen peroxide, 10.77 mmol). The resulting mixture was 
stirred 21 h at ambient temperature. The mixture was cooled to 0 and treated with 8.6 ml of 1.5 M 
aqueous sodium sulfite. After 3 h. the mixture was concentrated in vacuo, then the aqueous residue was 
diluted with 35 ml dichloromethane. cooled to 0* , and acidified to pH 2 with 1 M aqueous sodium bisulfate. 
The crude product was isolated by extraction with four 50 ml portions of dichloromethane, which were 
combined, washed with 50 ml brine and dried over magnesium sulfate. Concentration and silica gel 
chromatography of the residue gave 471 mg (77%) of the desired product. 1 H NMR (CDCI3) i 0.96 1 (d,3H , 
1.00 (d,3H), 1.1-1.3 (bm,5H), 1.48 (s,9H), 1.5-1.9 (several bm.15H), 2.0 (m.1H), 2.66 (m,1H), 3.7 (bm.1H). 
3.90 (m,1H). Mass spectrum: (M + H)* = 412. 

Example 127 



45 



50 



55 



Butvl 2(S)-[[3-(tert-butyloxycarbonyl)-2.2-dimethyl-4(S)-cyclohexylmethyl-5(S)-oxa20lidinyl1m ethyl]-3-methyl- 
* butanamide? 

The resultant product from Example 126 (446 mg. 1.085 mmol) was treated with l-hydroxybenztriazole 
monohydrate (216 mg, 1.41 mmol). 4-methylmorpholine (285 mg. 2.82 mmol) and 1-(dimethylamino propyl)- 
3-ethylcarbodiimide hydrochloride (301 mg. 1.10 mmol) in 10 ml anhydrous dimethytformam.de at -20 
under a nitrogen atmosphere. The reaction solution was stirred at -20 for 10 min. then allowed to react at 
0' for 3 days. To this solution was added n-butylamine (163 mg. 2.22 mmol). and the resulting solution was 
stirred at 0* for 2 h, then at ambient temperature for an additional 22 h. The solution was concentrated, and 
the residue partitioned between 30 ml sat. aqueous sodium bicarbonate and 50 ml ethyl acetate. The 
aqu ous lay r was furth r extracted with three 30 ml portions of ethyl acetate, and the combined organic 
phases were washed with 50 ml brine, dried over sodium sulfate and concentrat d in vacuo. Purification by 
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silica gel chromatography (ethyl acetate-hexane 1:4) afforded 483 mg (95%) of the desir d product. H 
NMR (CDCIa) 6 0.91 (t.3H). 0.93 (d,3H), 0.95 (d.3H), 1.1-1.3 (m.4H). 1.3-1.9 (several m. approximately 21 H). 
1 49 (s9H) 2.0 (m,1H), 3.28 (qd.2H), 3.63 (bm.1H), 3.75 (ddd,1H), 5.63 (bt,1H); ,3 C NMR (CDCb) 5 13.71, 
20.12. 20.30, 21,06. 26.09, 26.28, 26.60, 27.99. 28.62 (3C). 30.68, 31.94. 32.81. 34.54. 35.01. 36.21, 39.12, 
51.02. 61.21, 79.05, 79.76. 93.80, 152.02. 174.53. 



Example 128 



70 



Butyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(R)-isopropylhexan-amide. 

15 A solution of the resultant compound from Example 127 (520 mg. 1.11 mmol) in 8 ml dry methanol was 
treated at o' C with acetyl chloride (0.68 ml, 0.75 g, 9.6 mmol). The resultant solution was allowed to warm 
slowly to room temperature, and was further stirred for 48 h. The reaction was carefully basified with an 
excess of solid NaHC0 3 , then the mixture was diluted with 15 ml CH2CI2 and filtered through a plug of 
celite. using a total of 100 ml CH Z CI 2 to wash the solids. The filtrate was rotoevaporated to a cloudy 

20 residue, which was then redissolved in 50 ml CH 2 CI 2 and refiltered through celite as above. Evaporation 
produced a yellow oil, which was triturated with hot hexanes to afford 272 mg (75%) of the desired 
compound as white needles; m.p. 89-90'C; [«] D = -24.6'C (CHCI3, 01.055); 'H NMR (CDCb) 5 0.94 
(m.10H), 1.05-1.80 (several bm,18H), 1.86 (M,1H) V 2.08 (ddd,1H), 2.57 (ddd.1H). 3.07 (ddd.1H). 3.22 (m.1H), 
3.30 (m,1H), 5.79 (bt.1H); Mass spectrum: (M + H)* = 327. 

25 Anal. Calcd. for C19H38N2O2: C, 69.9; H, 11.7; N. 8.6. 
Found: C, 69.5; H, 11.5; N, 8.5. 



Example 129 



30 



3-(3-Thiazolyl)-2-(3R-ben2yl-4-N-morpholin-1-yl-carbonyi-2-keto-piperazin-1-yl)-propionic acid Amide of Butyl 5- 
(S)-amino-6-cyclohexyh4(S)-hydroxy-2(R)-isopropyihexan-amide7 



35 



The morpholine group was attached to the piperazine ring by phosgene method and the title compound 
was then synthesized by attaching the amine from Example 128 to the appropriate acid by EDAC coupling 
method. DCI-NH3-MS, m/e. 767 (MH\ 100%), 749 (40%), 694 (25%), and 441 (32%). 
40 Anal. (C4tH 62 0 6 N 6 S-i H 2 0) C.H.N. 1 H NMR (300 MHz. CDCb) 5: 8.71 (d,J = iHz.H), 7.30-7.08 (m.7H). 6.50 
(d.J = 9Hz.H), 5.89 (t.J = 6Hz,H), 5.47 (t,J = 8HzH). 4.69 (dd.J = 5.9Hz.H). 4.08 (d,J = 4Hz.H), 3.88 (m.H). 3.60- 
3.10 (m,*17H), 3.03 (m.2H), 2.78 (m.2H), 2.02 (m,H), 1.95-1.05 (m,15H) and 0.95-0.80 (m,9H). 

4S Example 130 



3-(4-Thiazolyl)-2-(3R-benzyl-4-N-p-toluenesulfonyl-2'keto-niperazin-1-yi>propionic acid Amide of Butyl 5(S)- 
50 amino-6-cyclohexyl-4(S)-hydroxyl-2(RHsopropylhexan-amide. 

The sulfonamide linkage was formed by adding p-toiuene sulfonyl chloride to the corresponding 
piperazine system in pyridine. The resulting acid was then coupled to the amine from Example 128 by 
55 EDAC coupling method. DCI-NH3-MS, m/e, 808 (M*, 23%), 790 (33%), and 482 (100%). 
Anal. (C*3H fi ,0 6 N s S2),C t H,N. 

'H NMR (300MHz,CDCb)5: 8.69 (d,J = 1Hz,H), 7.37 (d,J = 8Hz.2H). 7.20 (m,3H). 7.14 (d.J = 8Hz,2H), 7.05- 
(m,2H), 6.95 (d,J = 1Hz,H) t 6.41 (d.J = 9Hz.H), 5.99 (t,J = 6Hz,H), 5.31 (t,J = 6Hz,H), 4.45 (dd t J = 5,7Hz,H) t 
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4.16 (m.H), 3.83 (m,H). 3.69 (6d,J = 15H.H), 3.60-2.90 (m,«10H), 2.40 (s,3H), 2.02 <m,H), 1.90-1.00 (m,*20H) 
and 1.00-0.80 (m,9H). 

Example 131 



3-(3-Thiazolyl)-2-(3R-benzyl-4-N-p-toluenesu^ acid Amide of 2(S)-amino-1- 

1 — " cyclohexyl-3(R),4(S)-dihydroxyl-6-methylheptane. 

The piperazine ring system was synthesized following the procedure described in Example 130 and the 
acid was then coupled to the amine from Example 3 by EDAC coupling method. DCI-NH 3 -MS, m/e, 725 
is (MH*. 100%), 707 (10%), and 482 (21%). 
Anal. (C 38 Hs 2 0 6 N4S2), C.H.N. 

»H NMR <300MHz.CDCI 3 )5: 8.73(d,J = 1 Hz.H), 7.35 (d,J = 7Hz.2H), 7.20 (m,2H), 7.13 (d,J = 7Hz,2H), 7.02 
(m,3H), 6.50 (d.J=9Hz,H), 5.20 (6W=6Hz,H), 4.45 (m,H), 4.30 (m.H), 4.08 (6S.H), 3.70 (d,J = 13Hz,H), 3.55 
(m.H), 3.47 (t,J - 7Hz f H), 3.25-3.10 <m,4H), 3.00 <m.2H), 2.40 <A,3H). 2.28 (6A.H), 1.85 (m,H), 1.80-1.00 
20 (m,17H). 0.95 (d.J = 7Hz,3H), and 0.85 (d.J = 7Hz,3H). 

Example 132 



25 



30 



35 



2(S )-(3R-Benzyl-4N-tert-butyloxycarbonyl-2-keto-homopiperazin-1-yi)-hexanoic acid Amide of 2(S)-Amino-1- 
" cyc[ohexyl-3(R) t 4(S)-dihydroxy-6-methylheptane7 

Synthesized according to Scheme 4. For this synthesis aliyl bromide was replaced with homoallyl 
bromide. r 
MH*(DCI-NH 3 ) at 644; Anal (CayHeiOeNs), C.H.N. 

Example 133 



40 4(SH-Butytoxycarbonylamino-5-cyclohexyl-3(R.S)-hydroxy-1-pentene. 

To a stirred -78* C solution of Boc-cyclohexylalanine methyl ester (10.2 g, 35.8 mmol) in dry toluene 
(60 ml) was added diisobutylaluminum hydride (34 ml of a 1.5 M solution in toluene). After 30 min, vinyl 

45 magnesium bromide (108 ml of 1 M solution in tetrahydrofuran (THF)) was added. After stirring for 15 h at 
0*C t the mixture was carefully quenched with methanol, treated with Rochelle salts (22 ml of saturated 
aqueous solution in 140 ml H 2 0), and filtered. After extracting the solids 5 times with ethyl acetate, the 
extracts and filtrate were combined and the organic phase was washed with brine, dried, filtered and 
evaporated to an oil (10.2 g). Chromatography on silica gel eluting with hexane/ethyl acetate mixtures 

50 provided 6.1 g (60%) of the desired product. 

Anal. Calcd. for CieH 2 9N0 3 t i H 2 0: C, 66.8; H. 10.3; N, 4.9. 
Found: C, 66.9; H, 10.2; N, 4.7. 

65 Example 134 
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3-(t-ButyloxycarbonyiH-cyclohexylmethyl)-2 t 2-dlm9thyl-5'Vinyloxazolldine. 



The procedure of S. Thaisrivong (J. Med. Chem. 1987, 30, 976) was employed. A solution of 40 g of the 
5 resultant compound of Example 133 and 102 g of 2-methoxypropene in 250 ml of dichloromethane was 
stirred at room temperature. Solid pyridinium p-toluenesulfonate (PPTS) (177 g) was added slowly to the 
reaction mixture. After addition was complete, the reaction was stirred for 1 h and neutralized by addition of 
solid sodium bicarbonate. The solids were filtered and the filtrate was concentrated. Flash chroma tography 
on silica gel gave 57 g of the desired compound. IR (CDCI 3 ) 1690 (C = 0 carbamate) cm" 1 ; 'H NMR 
w (CDCI 3 ) 5 5.95 (m f 1H), 5.32 (m,1H), 5.20 (dt,1H), 4.27 (dd,1H). 1.47 (s,9H). 
Anal. Calcd. for C19H33NO3: C, 70.55; H, 10.28; N, 4.33. 
Found: C. 70.47; H, 10.27; N, 4.09. 



Example 135 



S-tt-ButyloxycarbonyQ^cyciohexylmethyQ^^-dimethyloxazolidine-S-carboxaldehyde. 

20 

A solution of 10 g of the resultant compound of Example 134 in 150 ml of 2:1 dich- 
loromethane:methanol was cooled in an dry-ice acetone bath. Ozone was bubbled through the solution until 
a blue color persisted (1 h). Dry nitrogen was then bubbled through the reaction mixture to remove excess 

25 dissolved ozone. The reaction mixture was cannulated into a suspension of 8 g zinc dust, 8 ml glacial acetic 
acid. 200 ml water, and 200 ml of methanol cooled to -45 'C. After 5 min the bath was removed and the 
mixture allowed to warm to room temperature overnight. 100 ml of saturated sodium chloride was added 
and the entire reaction mixture extracted with two 300 ml portions of dichloromethane. The combined 
dichloromethane extracts were decanted, dried (MgSO*), filtered, and evaporated. The crude aldehyde was 

00 purified by flash chromatography (1 :4) ethyl acetate :hexane to give 9.7 g of the desired compound as a 
mixture of diastereomers (3:1 trans:cis) as judged by the integrated resonances of the two aldehyde 
protons. IR (CDCb) 1735 £C = 0 aldehyde), 1690 (C = 0 carbamate) cm -1 : NMR (CDCb) 5 9.83 
(S.1H.CHO), 9.73 (d.lH.CHO cis diastereomer), 4.14 (m,1H), 1.46 (s,9H). 
Anal. Calcd. for Cis^NCU: C, 66.43; H, 9.60; N, 4.30. 

35 Found: C. 65.27; H, 9.79; N, 4.20. 



Equilibration of Aldehyde Isomers. 



A suspension of 25 g of the above aldehyde in 300 ml of methanol and powdered potassium carbonate 
(10.7 g) was stirred at room temperature for 6 h. The reaction mixture was cooled in an ice-water bath and 
treated with 9.3 g of glacial acetic acid for 5 min. A solution of 0.5 M sodium dihydrogen phosphate (300 
ml) was added to the mixture. After 30 min, the solution was concentrated to one-half the volume under 
45 reduced pressure and extracted with ether (600 ml). The combined ether extracts were dried (MgSCU), 
filtered, and concentrated. The aldehyde was purified by flash chromatography using (1:4) ethyl ace- 
tate:hexane to give 19.5 g of the desired compound as an 8:1 mixture of trans:cis diastereomers. 



50 Example 136 



55 



(5S,4 y $,5 / R)-5-(3-(t-Butyloxycarbonyl)-4-(cyciohexylmethyl)-2 t 2-dimethyloxazolidin-5-yl)-3- 



methylenedihydrofuran-2(4H)-one. 

A solution of 16.52 g (51 mmoi) of the resultant compound of Example 135 in 15 ml of anhydrous 
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tetrahydrofuran was treated with 3.98 g (61 mmol) of freshly activated zinc dust. With vigorous stirring, the 
mixture was treated with 10 g (56 mmol) of methyl 2-(bromomethyl)acrylate at a rate which maintained the 
temperatur at 50-60* C. Upon completion of the addition, th mixtur was stirred at 50 C for 1 h. After 
being allowed to cool, the mixture was poured into 100 ml of cold 1 M HCI and extracted with 

5 dichloromethane (3 X 100 ml). The combined organic lay rs were washed succ ssively with saturated 
aqueous NaHC0 3 and H 2 0. dried over NazSO*. and concentrated. Silica gel chromatography using 9:1 
hexane:ethyt acetate provided 10.83 g (61%) of the desired compound. 'H NMR (CDCI 3 ) S 0.8-2.0 ^(br 
envelope). 1.49 (S.9H), 1.54 (s.3H). 1.57 <s.3H). 2.93 (ddt.J = 18,6,3H2,1H). 3.05 (m,1H), 3.70 (m,1H), 4.07 
(m.1H). 4.47 (ddd.J = 13.9,6Hz.1H). 5.70 (br t.J = 3Hz,1H). 6.28 (t,J = 3Hz,lH). Mass spectrum: (M + H) = 

io 394. 

Anal. Calcd. for C 2 2H 3 sNOs: C 67.15; H. 8.98; N, 3.56. 
Found: C. 67.66; H, 9.11; N. 3.60. 



75 



Example 1 37 



<3S 5S 4'S 5R)-5 -(3-(t-Butyloxycarbonyl)-4-(cyclohexylmethyl)-2.2-dimethyloxazolidin-5-yl)-3 -methyldihydrofuran- 
' " 2(3H)-one. " 

A mixture of 8.03 g (20 mmol) of the resultant compound of Example 136 and 0.81 g of 10% palladium 
on carbon in 200 ml of ethyl acetate was shaken under 4 atmospheres of H 2 . After filtration, concentration 
25 of the filtrate gave 7.58 g (94%) of the desired compound. 'H NMR (CDCIa) s 0.8-2.0 (br envelope). 1.31 
(S.3H). 1.48 (S.9H). 1.54 (S.3H). 1.58 (s,3H) v 2.57 (m.1H). 2.68 (m.lH). 3.74 (m.1H). 4.04 (m.1H). 4.31 
(ddd,J = 13,9,6Hz,1H). Mass spectrum: (M + H)* = 396. 

30 Example 138 



35 



40 



45 



3-(t-Butyloxycarbonyl)-4-(cyclohexylmethyl)-5^1.4-dihydroxy>3-methylbutyl)-2.2-dimethyl oxazolidine. 

A mixture of 0.50 g (1.26 mmol) of the resultant compound of Example 137 and 0.15 g (4 mmol) of 
sodium borohydride in 50 ml of tetrahydrofuran was heated at reflux under N 2 atmosphere for 48 h. After 
being allowed to cool, the mixture was treated cautiously with aqueous NHUCI, extracted with ether, washed 
with saturated brine, dried over MgSOi. and concentrated in vacuo . Silica gel chromatography using 2:1 
chloroform/ethyl acetate gave 0.37 g (73%) of the desired compound. 1 H NMR (CDCI 3 ) J 0.7-2.0 (br 
envelope), 0.94 (d,J=7Hz.3H). 1.49 (S.9H). 1.52 (s.3H). 1.55 (s.3H). 3.43 (dd.J = 11.8Hz.1H). 3.55-3.7 <m.3H). 
4.09 (br d,1 H). Mass spectrum: (M + H)* = 400. 

Example 139 



so 3-(t-Butyloxycarbonyl)-4-(cyclohexylmethyl)-22-dimethyl-5-(4-methyltetrahydrofuran -2-yl)oxazolidine. 

A solution of 51 mg (0.13 mmol) of the resultant compound of Example 138 and 0.037 ml (0.27 mmol) 
of triethylamine in 2 ml of dichloromethane was cooled to 0* C under N 2 atmosphere and treated with 0.012 
55 mol (0.15 mmol) of methanesulfonyl chloride. After 1 h. the solution was diluted with dlchlorom than . 
washed successively with 10% citric acid, water and saturated aqueous NaHCOs. dried over Na 2 SO<, and 
concentrated in vacuo. The crude mesylate thus produced (59 mg) was taken up in 8 ml of dry detrahydro 
furan treated with~20"mg (0.50 mmol) of sodium hydride (60% dispersion in oil), and heated at reflux for 2 
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10 



h After b ing allowed to cool, the solution was treated cautiously with saturated aqueous NH*CI. extracted 
with ether, dried over MgSO* and concentrated. Silica gel chromatography using 9:1 hexan /ethyl acetate 
oave 30 mg (75%) of the desired compound. 'H NMR (CDCb) i 0.7-2.4 (br env lope). 1.06 (d.J = 7Hz3H)- 
1.48 (s.9H).1.52 (s.3H). 1.56 (s.3H).3.30 (t.J -9HZ.1H). 3.66 (m.1H). 3.9-4.0 (m.3H). Mass spectrum: 

(M *^ H)* — 382 • 
The amine hydrochloride was obtained by treating the resultant compound with HCI-dioxane at 0 C for 

3h. 

Example 140 



75 



20 



25 



3-(S-Thiaz olyl)-2-(3R"ben2yl>4-N-p-toluenesulfonyl-2-keto-piperazin>1>yl)-propionic acid Amide of 2(S)-(2(S)- 
" Arnino>3-cyclohexyl>1R)-hydroxy)propyl-4(S)-methyltetrahydrofuran. 

The piperazine ring system was synthesized following the procedure described in Example 130 and the 
acid was then coupled to the amine from Example 139 by EDAC coupling method. DCI-NH 3 -MS m/c. 723 
(MH* 100%), 705 (42%) and 482 (31%); 'H NMR (CDCI 3 ,300 MHz) 5:7.40 (d.2H.J = 9Hz), 7.30-7.05 (m,8H) 
6.95 '(d.1H.J«1Hz). 6.43 <d,1H,J = 9Hz), 5.36(t,1 H,J = 7Hz), 4.50<dd,1H,J = 5,6Hz). 4.02 (m lH . 3*8 
(t.2H,J = 7Hz), 3.78-2.90 (m,~8H), 2.40 (s,3H), 2.25 <m,H), 1.90 (m,H). 1.80 (d,HJ = 12Hz). 1.70-0.80 (m.16H) 
and 1.03 (d,3H,J = 6H). 

Example 141 



38(3-Thiazolvl)- 2-(3R-benzy^^ Amide 2! SiiM 

— 5(S)-amino-6-cyclohexyi-4-(S)-hydroxy-2-(RHsopropylhexan-amide; 

r 

This compound was synthesized following the same procedure as described in Scheme 4. A minor 
35 change was made (see Scheme 10) at the allylamine stage 68. The intermediate 68 was sulfonated I wrth N- 
methylpiperazyl sulfonyl chloride (J. Med. Chem. 15. 538. 1972) to give 69 in moderate yield (40-65/.). 
The acid obtained following the hydrolysis of 70 with LiOH was coupled under standard EDAC condition to 
give the final product 71. DCI-NH 3 -MS. m/e. 816 (MH . 60%). 798 (10%). 750 (3%) anc I 327 ^(100%); H 
NMR (300 MHz, CDCb) *8.75 (d.J = 2Hz.H>, 7.35-7.20 (m.5H). 7.12 (d.J = 2Hz H). 6 58 if}**"*™ ■ «« 
40 (t.J = 5Hz,H), 5.18 (6m.H). 4.26 (dd,J = 9.4Hz). 4.06 (m.H). 3.90-3.00 (m). 3.00-2.70 (m). 2.20 (S.3H). 2.20- 
1.05 (m) and 0.90 (m,9H); Anal. (C^Hss^OsSa) C.H.N. 



Example 142 



45 



3W3N.t fl rt.butvloxvcarbonyl- 2-imidazolyfr2^ 
propionic acid Amide of (2 S. 1 R.5S)-3-Ethyl-5-(1 -hydroxy-2 -amino-3 -cyclohex y lpropyl)oxazolidin-2-one. 

50 

This analog was synthesized following the procedure as described in Scheme 12 and the experimental 
conditions were similar to that of in Example 141. DCI-NHvMS. m/e. 843 (MH . 100%). 743 (99%) and 460 
(26%). 

55 

Example 143 
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^p-imidazolvlv a-taR-benzyM-NKN-methvlpiperazyQ-sulfonyl -a-keto-piperaan-l-yl-propionic acid Amide of 
— (2 9,1 R,5S)-3-Ethyl-5-(1 -hydroxy-2 amino-3 cyclohexylpropyi) oxazolidin-2-one. 

Th S analoa from Example 142 was deprotected with HCI-dioxane and the dihydrochloride was 
5 crysSLd Torn E^eX! DCI-NHa-MS .m/e. 743 (MH*. 100%). 725 (65%). 699 (25%): Ana.. 
(C 36 H 5 *N 8 07S*2 HCI H 2 0) CH.N. 

w Example 144 



3waN-t e rt-buMoxvc arbonyl-2-imidazolyl^^ 

" 4 nrnniJc acid Amide of 2(S)-Amino-1-cyclo hexyl-3-(R),4(S)-d l hy d rox y t-6-methy.heptan— 



/5 



20 



25 



This compound was made foliowing the same procedure as de scri bed i" Scheme 12. ^Wdejved 
from the hydrogenation of 72 was coupled to amine from Example 2. DCI-NH 3 -MS. m/e. 816 (MH . 82/o). 
716 (83%) and 505 (100%); Anal. (C^HssNtOs S*H 2 0) C.H.N. 



Example 145 



,-/o.; mi H a ,n lu h. ? .^R.h e n 2 v l-4N-(N-methvlpipera 2 yl)-sulfonyl-2-keto-pipera Z in-1-yl)-propionic acid Amide of 2JS); 
— " Amino-1-cyclohexyl-3(R).4(S)-dihydroxyi-c-methylheptane. 

30 The compound in Example 144 was deprotected with HCI-dioxane and the P™^?™**™^ 
crvsSJzed from EtOAc-Hexane-EtOH: FAB-MS, m/e. 716 (MH', 100%). 307 (58%) and 289 (40%); 'H 
NM^O MHz free base CDC.,) ,7.60 (S.H). 7.40-7.20 (m.5H). WU'^ W^ W 
4 40 (!n.2H), 3.82 (m,H). 3.70-2.70 (m), 2.20 (s,3H). 2.30-1.10 (m). 0.95 (d.J=7Hz. 3H) and 0.82 (d.J-7Hz. 



35 3H). 

Example 146 



40 



*./™. te *.hnt»| n yv™rbonvl- ^ 

3 ^^Bbde^ TOE^i^yro^ hydro xv)oroov.-4(S)-methy.tetrahydro.u,an : 

45 This compound was made following a procedure described in Example 144 The acid derived from Mta 
hydrogenation of 72 was coup.ed to the amine from Example 139 to get the final product. FAB-MS. m/e. 
814 (MH*.82%). and 714 (100%); Anal. (CuHjsI^Ob ■ 0.5 H 2 0) C.H.N. 



50 

Example 147 



< ft ., g . im i H a z 0 lv.V2-/3R-benzyl-4-N-(N^ acid Amide of 2- 

— (S)-2(S)-Amino-3-cyclohexyl-1 (R)-hydroxy) propyl-4(S)-metnyi tetrahydrofuran. 
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The compound in Example 146 was deprotected with HCI-dioxarle and then crystallized from. EtOAc- 
hexane-EtOH DCI-NH 3 -MS, m/e. 714 <MH* ( 20%), 696 (17%), 643 (100%) and 625 (95%); ! H NMR (300 
MHz, free base, CDCb) 5:7.60 (6s,H), 7.35-7.20 (m,5H), 6.90 (6s,H), 6.65 (d.J = 9Hz,H), 5.20 (m.H). 4.90 (6s). 
4.38 (ddJ = 4.9Hz,H), 3.90 (t,J = 7Hz,H), 3.80-2.70 (m). 2.21 (s.3H). 2.30-0.80 (m). and 1.04 (d,J = 7Hz.3H). 

5 

Example 148 



w 

(2S)-Methyl-((3S)-((Benzyloxycarbonyl) amino-3-phenylmethyl-2-oxo-1-piperidinyl)-3-(4-thiazolyi)propionate. 



Following the procedure described in Example 102, the resultant compound from Example 80 (1 g, 2.2 
75 mmol) was reductively aminated with the bis hydrochloride salt of (L)-(4-thiazolyl)alanine (620 mg, 2.4 
mmol). Following the procedure described in Example 83. the resulting aminoester was treated with 
anhydrous sodium acetate (1 .8 g. 22 mmol) and glacial acetic acid (5 drops) in dry MeOH (30 mL). After 
heating for 72 hr at 110* C, the reaction was treated as in Example 83 to afford a yellow foam. Flash 
chromatography with ethyl acetate/hexane mixtures provided the title compound as a light yellow semi-solid 
20 (660 mg. 59%). MS(FAB): 508 (M + H)\ 



Example 149 

25 

(2SVMethyl-((3S)-((amino-3-phenylmethyl-2-oxo-1-piperidinyi)-3-(4-thiazolyl)propionate. 



30 The resultant compound from Example 148 (2.5 g. 4.9 mmol) was dissolved in glacial acetic acid (10 
ml) and then treated with HBr/HOAc (10 ml). After stirring for 45 min, the orange solution was concentrated 
in vacuo . The residue was dissolved in 50 ml H z O and washed with CCU (4X). Solid NaHC03 was added to 
the aqueous layer to bring the pH to 9 and the aqueous layer was extracted with CH2CI2 (2X) and ethyl 
acetate (2X). The combined organic extracts were dried (NaaSCU) and concentrated in vacuo to afford a 

35 yellow oil (1 .8 g). MS(DCI): 374 (M + H)*. 



Example 150 

40 

(2S)-Methyl((3S)-((N-methylpiperazinsulfonyl) amino-3-phenylmethyl-2-oxo-1-piperidinyl)-3-(4-thiazoiyl)propionate. 

45 The resultant compound from Example 149 (250 mg, 0.67 mmol) was dissolved in 5 ml dry 
dimethylformamide. To this solution was added N-methylmorpholine (407 mg. 4 mmol), N,N- 
dimethylaminopyridine (42 mg, 0.34 mmol) and N-methylpiperidinesulfamoyl chloride (470 mg, 2 mmol). 
After stirring for 18 hr, the solution was diluted with ethyl acetate (150 ml) and washed with saturated brine 
(3X), dried (Na2SO*) and concentrated In vacuo to afford a yellow oil. Flash chromatography with 

so methanol/chloroform mixtures provided the title compound as a colorless foam (180 mg, 50%). MS(CI): 536- 
(M + H)*. 



Example 151 

55 



(2S)-((3S)-(N-methylpip razinsulfonyl)-amino-3-phenyimethyl-2-oxo-1 -piperidinyi)-3-(4-thiazolyl) propionic acid 
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amid© of (2S,3R,4S)-2-amino-1'Cyclohexyl-3,4-dihydroxy6-methylheptane. 



The resultant compound from Example 150 (500 mg, 0.93 mmol) was dissolved in dioxane (9 ml) and 
5 cooled to 0' C under a N 2 atmosphere. A solution of LiOH (98 mg, 2.3 mmol) in water (3 ml) was added 
dropwise and the solution was stirred for 15 min at 0* C and at 1 hr at 25° C. The reaction was neutralized 
with HCI/dioxane (500 ul. 2.3 mmol) and the solution was concentrated in vacuo and dried overnight on the 
Hl-vac. The resultant colorless acid, the resultant compound of Example 2 (226 mg, 0.93 mmol), HOBT (377 
mg 2 8 mmol), and N-methylmorpholine (104 mg, 1.02 mmol) were dissolved in dry DMF and cooled to 
70 -23' C. To this solution was added EDAC (178 mg, 0.93 mmol) in one portion. The reaction was stirred for 3 
h at -23* C, warmed to 25* C. and stirred overnight. The reaction was poured into saturated aqueous 
NaHCOs (50 ml) and extracted with ethyl acetate <4X). The ccmbined organic extracts were washed with 
saturated aqueous NaCI (2X) dried over Na 2 SO* and concentrated in vacuo to afford a yellow oil. Flash 
chromatography with methanol/methylene chloride mixtures afforded the product as a colorless powder (110 

is mg, 16%). 

Mp 93-97° C. MS(DCI): 747 (M + H) . 

MS(Hi-Res): Calcd. Mass for CarHsaNgOeSa =747.3937 

Measured Mass = 747.3929. 



20 



Example 152 



2S(2SH( 3SH(N-methylpiperazinsulfonyl) amino-3-phenylmethyh2-oxo-1-piperidinyl)-3-(4>thiazolyl)propionic acid 
amide of (2S.4S.1 R,2 S)-2-(2^amino-3 -cyclohexyl-1 -hydroxypropyl)-4-methyltetrahydrofuran. 



Following the procedure described in Example 151, the resultant compound from Exampje 150 (611 
mg. 1.14 mmol), LiOH (144 mg, 3.42 mmol), dioxane (9 ml), and H 2 0 (3 ml) were mixed at 0 C and then 
stirred at 25* C for 1 hr. Following neutralization with HCI/dioxane, the solution was concentrated in vacuo 
and dried on Hi-vac. The resultant colorless acid, the amine from Example 139 (275 mg, 1.14 mmol), HOBT 
(462 mg, 3.42 mmol). and N-methylmorpholine (115 mg, 1.14 mmol) were dissolved in dry DMF and cooled 
to -23ooC Following the addition of EDAC (218 mg, 1.14 mmol), the reaction was treated as in Example 
151. Extracive workup afforded a yellow foam. Flash chromatography with methanol/methylene chloride 
mixtures produced the title compound as a colorless powder (115 mg, 14%). 
Mp = 85-89 *C, MS(DCI): 746(M + H)\ 

40 Example 153 



30 



35 



45 



50 



(2S)-Methyl-((3S)-3-phenylmethyl-2-ox()-1-piperidinyl)-3-(4-imidazolyl)propionate. 

The resultant lactam from Example 82 (640 mg. 1.3 mmol) and 10% palladium on carbon in glacial 
acetic acid were stirred under a hydrogen atmosphere for 12 hrs. Filtration and solvent evaporation afforded 
a colorless oil which was dissolved in H 2 0 (25 ml) and made basic with saturated NaHC0 3 solution. The 
aqueous layer was extracted with methylene chloride (5X) and the combined organic extracts were dned 
(Na 2 SO*) and concentrated in vacuo to afford a colorless foam (390 mg, 84%). 
MS(DCl):357(M + Hf. 

Example 154 
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(2$VMethyl-2-((4-methylben2enesu(fonyl)>1-imida20l-4-yl methylh3-(3S)-(f4-mettiyl-benzenesulfonyl)amino)-3- 

phenylmethyl-2-oxo-l-piperidinyl)acetate. 



5 The resultant amine from Example 153 (180 mg, 0.5 mmol), p-toluenesulfonyl chloride (280 mg. 1.26 
mmol), N,N-dimethylamin6-pyridine(1 5 mg 0.126 mmol), and N-methylmorpholine (141 mg. 1.4 mmol) in 
methylene chloride were refluxed for 6 hr. The solution was cooled and diluted with ethyl acetate and then 
washed with saturated aqueous brine (2X), dried (Na 2 SO0 and concentrated in vacuo to afford a yellow oil. 
Flash chromatography with methanol/chloroform mixtures produced the title product as a colorless foam 

io (290 mg. 86%). 

MS(DCI): 665(M + H)\ 

Example 155 

75 

(2S)-2- ((l -tert-Butyloxycarbony 1)-1 -imidazol-4-yl methyl)-3-((3SH4-methyl'benzenesulfonyl)amino)-3- 
" phenylmethy!-2-oxc-1 -piperdlnyl)acetic acid. 

20 

The resultant ditosylate from Example 154 was dissolved in dioxane (4 ml) and cooled to 0 C. A 
solution of UOH (28 mg. 0.68 mmol) in H 2 0 (2 ml) was added and the solution was warmed to 25 C and 
stirred an additional 2 h. The solution was cooled to 0*C and a solution of ditertbutyldicarbonate (44 mg, 
25 0.202 mmol) in dioxane (1 ml) was added. The cooling bath was removed and the solution stirred for 4 hr at 
25 *C. The solution was diluted with H 2 0 (25 ml) and extracted with ether (2X) after which it was acidified 
and extracted with methylene chloride (5X). The combined organic extracts were dried (Na 2 S04> and 
concentrated in vacuo to afford a colorless powder (61 mg. 76%). 
MS(DCI): 497(M-CsH 9 0 2 r. 



Example 156 



35 

(2S)-2-(1-imidazol-4-yl methyl)-3-((3S)-(4-m ethyl benzenesulfonyl)amino)-3-phenylmethyl-2-(oxo-1-piperdinyl)- 
amide of (2S.3R,4S)-2-amino-1 -cyclohexyh3.4-dihydroxy-6-methylheptane. 



40 The resultant acid from Example 155 (80 mg, 0.134 mmol). the resultant compound from Example 2 (33 
mg. 0.134 mmol), HOBT (55 mg, 0.422 mmol). and N-methylmorpholine (15 mg, 0.15 mmol) were dissolved 
in dry DMF and cooled to -23* C. To this solution was added EDAC (26 mg, 0.134 mmol) in one portion. 
The reaction was treated as in Examples 86 and 87 to provide the imidazole protected product which was 
dissolved in THF (2 ml). Acetic acid (6 ml) and water (2 ml) were added and the reaction was stirred for 3.h 

45 at 50* C. The cooled reaction was worked up to provide the crude product as a colorless foam. Flash 
chromatography with methanol/methylene chloride mixtures provided the title compound as a colorless 
powder (35 mg, 36%). 
Mp = 125-132' C MS(FAB): 722(M + H) . 
MS(Hi-Res): Calcd, Mass for CagHssNsOeS* 722.3951 

so Measured Mass = 722.3958 



Example 157 



3>(3- TOazolyl)-2-(3R-benzyl-4-N-(N-methylpiperazyl)-sulfonyl-2-keto-pipera2ine-1-yl)-propionic acid Amide of 5- 
Amino-6-cyclohexyl-4-hydroxyl-1-isopropylsulfonyl-2-methylhexane. 
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The acid from the hydrolysis of 70 (Scheme 12) is coupl d to 5-Amino-6-cyc!ohexyl-4-hydroxy-1 
isopropylsulfonyl-2-methylhexane (Tet. Lett. 30, 2653, 1989) to obtain the title compound. 

5 

Example 158 



70 3- (3 .Thi azolyl^^ — - 
Isopropyl 3-amino-4-cyclohexyl-2-hydroxybutyrate. 

75 The acid from Example 157 is coupled to isopropyl 3-amino-4-cyclohexyl-2-hydroxybutyrate (Japanese 
Patent Application No. J63275552, published November 14, 1988) to obtain the title compound. 



Example 159 

20 



3-g-Thl azolyl)^ — Amide - ~ 

— — " HPA amide of 2-morpholino-ethyl amine. 

25 

The acid from Example 157 is coupled to ACHPA amide of 2-morpholino-ethyl amine (Japanese Patent 
No. J62246-546. published October 27, 1987; European Patent Application No. EP 0274259, published July 
13, 1988) to obtain the title compound. 

30 

Example 160 



35 



3-(3-Thia zolyl)-2-(3R-benzyl-4-N-(N-methy^ 2*1 Amide 2? t 
Amino 7-cyclohexyl-5-hydroxy-3-isopropyH -heptane. 



40 



The acid from Example 157 is coupled to 6-Amino 7-cyclohexy!-5-hydroxy-3-isopropyM -heptane 
(European Patent Application No. EP 0310918. published April 12 f 1989) to obtain the title compound. 



Example 161 



3.(3-Thiazolyl)-2-(3R >^ *^ Amlde 2! t 
Amide-6-cyclohexyl-4-hydroxy-2-isOpropylhexanoyl-L-isoleucyl-2-pyridylmeWlamine. 



50 



The acid from Example 157 is coupled to 5-Amino-6-cyclohexyl-4-hydroxy-2-isopropylhexanoyl-L- 
isoleucyl-2-pyridylmethylamine (J. Med. Chem., 29. 2080, 1986) to obtain the title compound. 



55 

Example 162 
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3-(3-Thia zolyl)j^ — amide - 5l 
Amino-6-i$opropyl-4>hydroxy-2-isopropylhexanoyl-L-isoleucyl-2-pyridylm thylamine. 

5 The acid from Example 157 is coupled to 5-Amino-6-isopropyl-4-hydroxy-2-isopropylhexanoyl-^ 
isoleucy!-2-pyridylmethylamine (U.S. 4,705,846, issued November 10. 1987; J. Med. Chem. 29. 2088. 1986) 
to obtain the title compound. 

10 Example 163 



3-( 3-TOazolyl)-2-(3R-benzy^ acid ^ - 

15 Amino-2,2-difluoro-3>hydroxy-6-methylheptanoyl-L-isoleucyl-2-pyridylmethylamine. 

The acid from the hydrolysis of 70 (Scheme 12) is coupled to 4-Amino-2.2-dif!uoro-3-hydroxy-6- 
methyiheptanoylL-isoieucyl-2-pyridylmethylamine (J. Med. Chem.. 29. 2080, 1986) to obtain the desired 
20 compound. 

Example 164 

25 

3-(3.Thiazolyl)-2-(3R-benzyh4-N>(N-methylpiperazyl)-sulfonyl-2-keto-piperazin-1 -yl)-propionic acid Amide of 
' ACHPA-difluorostatine amide of (2-methyl-propyi)-amine. 

30 

The acid from Example 157 is coupled to ACHPA-difluorostatine amide of (2-methyl-propyl)-amine (J. 
Med. Chem.. 29. 2080, 1986)>-to obtain the desired analog. 

35 Example 165 



3-(3-Thiazolyl)-2-(3R-benzyl-4-N-(N-me% acid Am jjg °? 

40 " Amino-4-cyclohexyl-2-hydroxy-1-isopropylsuifonylbutane. 

The acid synthesized in Example 157 is coupled to 3-Amino-4-cyclohexyl-2-hydroxy-1-isopropylsulfon- 
ylbutane (U.S. 4,826,815, issued May 2, 1989) to obtain the title compound. 

45 

Example 166 



50 

3-(3-Thiazolyl)-2-(3R-benzyl-4-N-^ Arnidegf 
(4S,5S)-N-lsobutyl-4-hydroxy-5-ajnnino-6-cyclohexyl-hex-1-ene-2H:arboxamlde7 

55 The acid from Example 157 is coupled to (4S,5S)-N-lsobutyl-4-hydroxy-5-amino-6-cyclohexyl-hex-1- 
ene-2-carboxamide (J. Org. Chem., 51_, 3921, 1986) to obtain the desired product. 
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Example 167 



s a.f3.Thi a2 olvl^2-(3R- ben2yl-4-N-(N-methvlpipera 2 yl)-sulfon yl-2-keto-piperazineO-yl)-propionic acid Amide of 
( 4S,5S)-5-Amino-4-hydroxy-7-m thyl-2E-octenoic acid isobutylamide. 

The acid from Example 157 is coupled to (4S.5Sh5.Amino-4-hydro^ 
to isobutylamide (European Patent Application No. EP 0272583. published June 19, 1988) to obtain the 
desired title compound. 

Example 168 

75 

3. (3 .Thia20lyl)-2-(3R-ben zy1^^ °! 
-~ ^TR3s,4S)-4-Amino-b-cyclohexyl-3-hydroxy-1-isopropyl-pentane suitonic acid morpholino amide. 

20 

' The acid from Example 157 is coupled to (lR,3S.4S)-4-Amino-5-cyclohexyl-3-hydroxy-1-isopropyl- 
pentane sulfonic acid morpholino amide (European Patent Application No. EP 0309841. published April 5, 
1989) to obtain the title compound. 

25 

Example 169 



°gSV»3S1.(<N-methvlp ipera Z insulfonyl)-amino-3-phenylmeth V l-2-oxo-1-piperidinyl)-3-(4-thiazolyl) propionic acid 
— — amide of 5-Amino-6-Cyclohexyl-4-hydroxy-l •isopropylfulfonyl-2-m ethy Ihexane. 



35 



Following the procedure described in Example 152. the acid obtained in Example 152 is i coupled I to 5- 
Amino-6-Cyclohexyl-4-hydroxy-1-isopropylfulfonyl-2-methy Ihexane (Tetrahedron Letters. 1989. 30. 2653) to 

afford the title compound. 



^ Example 170 



J amide of Isopropyl 3-Amino-4-Cyclohexyl 2-nydroxybutyrate. 

Following the procedure described in Example 152. the acid from Example 152 is coupled tojsopropyl 
3-am7noIcyc.ohexyl-2-hydroxybutyrate (Japanese Patent Application No. J63275552. published November 
so 14, 1988) to afford the title compound. 

Example 171 

55 

f2S^f(3SV((N>methyl pipera2lnsulfonyl)-amino-3>phenylmethyl-2-oxo>1-pip ridinyl)-3-(4-thiazoly1) propionic acid 
i ~ — amide of ACHPA amide of 2-morpholinoethyl amine: 
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s 



10 



Following the procedure described in Example 152. the acid obtained in Example 152 is ; coupled I to 
ACHPA amide of 2-morpholinoethyl amine (Japanese Patent Application No. J62246546 published October 
27. 1987; European Patent Application No. EP027425. published July 13. 1988) to afford the title 
compound. 



Example 172 



(2SH(3SH(N-m ethylpip^^ propionic acid 
amide of 6-Amino-7-Cyclohexyl-5-Hyxroxy-3-lsopropyi-l-heptene. 

75 

Following the procedure described in Example 152. the acid from 152 is coupled to 6-Amino-7- 
Cyclohexyl-5-Hydroxy-3-lsopropyM-heptene (European Patent Application No. EP0310918. published Apnl 
12, 1989) to afford the title compound. 

20 

Example 173 



fPftWttSWfN-methvlpjp er^^ propionic acid 
amide of 5-Amino-6-cyclohexyl>4-hydroxy-2-isopropylhexanoyl-LHS oleucyl-2-pyridylmethylamine. 



30 



35 



Following the procedure described in Example 152. the acid obtained in Example 152 is coupled to 5- 
Amino^-cyclohexyl-4^ < J - Med Chem " 1986, 

29, 2080) to afford the title cgmpound. 



Example 174 



/9fiWf3SWfN-methvlpipera ^ propionic acid 

40 amide of s-Amino-SH sop ropy l-4-hyd roxy-2^^ 

Following the procedure described in Example 152. the acid obtained in Example 152 is coupled to 5- 
Amino-6-lsopropylhexanoyl-L.isoleucyl-2-pyridylmethylamine (U.S. 4.705,846. issued November 10. 1987; J. 
45 Med. Chem., 1986, 29. 2088) to afford the title compound. 

Example 175 



so 



f9ftWttSW<N.methv^ propionic acid 
amide of 4jAm^ 

Following the procedure described in Example 152, the acid obtained in Exampl 152 is coupled to 4- 
Amino-2.2-difluoro-3-hydroxy.6-methylheptanoyl-L.isoleucyl-2-pyridylm thylamine (J. Med. Chem., 1986, 

29, 2080) to afford the title compound. 
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Example 176 



* * - } amide of ACHPA-difluorostatine amide of 2-methylbutyla^ 

Following the procedure described in Example 152, the acid obtained in Example 152 is coupled to 
, 0 ACHpTSrostaL amide of 2-methy.buty.amine (J. Med. Chem.. 1986. 29. 2080) to afford the t,tle 
compound. 



Example 177 

75 



( ■ a mifi fl of 3-Amino-4-cvclohexyl-2-hyd roxv1-isopropyisulfonylbutane. 



20 



Following the procedure described in Example I52, the acid obtained in 
^^^X^^-U^^iso^b^B (U.S. 4.826.815. issued May 2, 1989) to afford the 



title compound. 

25 



Example 178 



% H (3SH(N.metn ^^ 
' amide of (4S.5S^-lsobutyl-4.hvdroxv-5- a m l no-b-c vclohexvl-hex-1-ene-2-carboxam.de. 

35 Following the procedure described in Example 152, the acid obtained in Example 152 |is coupled to 
(4S.5S)-N.|sobutyli-hydroxy-5-amino-6-cyclohexyl-hex-1.ene-2< a rboxam.de (J. Org. Chem., 1986. 51. 

3921) to afford the title compound. 
40 Example 179 



45 



50 



(2 s H (3SH( NjM^^ EI2£i22i£ =£ 

I ){[ ,W a JZ n i ttS.sSl5-Amino-4-hydrox y -/- methyl-2E-octenotc acid .sobui y iam.ae. 



Following the procedure described in Example 152. the acid obtained in 
( 4S5r5TminoVh y drox y .7.methyl-2E-octenoic acid isobutylamide (European Patent Appl.cat.on No. EP 
0272583. published June 19. 1988) to afford the title compound. 



Example 180 



ss 



^ g w^ fi wrN.m B thv l D ior az insulfon Y l)-amino-3^henYlmethyl-2^xoO . D loeridinyn.3.(4-thiazolyl) prpgnic ^acid 
(2 H ,^^Amino.5-cyclohex y |.3.hvdroxv-1,sopro Py lpe ntanesulf 0 nlc acid morpTol.noam.de. 
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Following the procedure described in Example 152, the acid obtained in Example 152 is coupled to 
(1R3S4S)-4-Amino-5-cyclohexyl-3-hydroxy-1-isopropylpentanesulfonic acid morpholinoamide (European 
5 Patent Application No. EP 0309841, published April 5, 1989) to obtain the title compound. 



Example 181 



w 



( 2S)Metj^ 

— " ' — propionate. 



is 



20 



The resultant compound from Example 150 is mixed with aqueous formaldehyde, and sodium 
cyanoborohydride in acetonitrile and stirred until the reaction is complete. Normal workup affords the title 
compound. 

Example 182 



25 (2S H(3SH(N^ 

Drogonjggd amide of (2S.43.1 R.2 S)-2-(2 -amino-3 -cyclohexyl-1 -hydroxypropylH-me thyitetrahydrofurln. 

Following the procedure described in Example 151, the resultant compound from Example 181 is 
30 hydrolyzed to the free acid and coupled to the amine from Example 139 to afford the title compound. 

r 

Example 183 

35 

( 2S)-((3S)-((N-methyl-N-methy^^ pro " 
pbnate amide of (2S,3R,4S)-2-amino-1 -cyclohexyl-3,4-dihydroxy-6-methy I heptane. 

40 

Following the procedure described in Example 151, the resultant compound from Example 181 is 
hydrolyzed and coupled to the resultant compound of Example 2 to afford the title compound. 

45 Example 184 



An improved synthesis of (2S)-MethyH(3S)-((Benzyloxycarbonyl)amino-3-phenylmethyl-2 -oxo-1-piperidinyl)-3-(4- 
_ - thiazolyl)propionate. "~~ 



55 



a: (3S,1 1 R)-3-Phenylmethyl'10bH-oxazolo[3,2-c] [1 ,3]benzoxazine-2(3H) t 5-dione: 

Following the procedure of H. Block (J. Chem. Soc. (c), 329, 1971_), Na metal (1.15 g, 50 mmol) was 
dissolved in 500 ml of absolute ethanol. L-Phenylalanine (8.26 g, 50 mmol) and salicylaldehyde (6.11 g, 50 
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mmol) were then added and the yellow-green solution was concentrated in vacuo and further dried or 3 h 
at 50' C under hi-vac. The yellow residue was suspended in dry, ethanol-free chloroform (200 ml), treated 
with K 2 C03 (60 g, 450 mmol), and cooled in an ice-H 2 0 bath. A solution of phosgene (5.5 g, 55 mmol) in 
chloroform (100 ml) was added dropwise over 1 h and the reaction was stirred for an additonal 2 h at 

s 25* C. Excess phosgene was removed with a str am of. dry N 2 and the organic solution was decanted. Th 
salts remaining in the reaction flask were washed with several portions of chloroform and the combined 
organic solutions were washed with water (2x). half- saturated aqueous NaCI (2x). saturated aqueous NaC 
(1x). dried (MgSOO and concentrated in vacuo to afford a pale yellow solid. Recrystallization from ethyl 
acetate/hexane provided the title compound as a colorless solid (7.2 g, 58%). 

10 MS(DCI):296 (M + H)\ 

b: (3S,1lR)-3-Phenylmethyl-3-(1-(2-propenylH0bH-oxazolo [3.2-c]t1 ,31benzoxazine-2(3H), 5-dione. 



15 



20 



25 



A solution of the resultant compound from Example 184a (886 mg, 3 mmol) in dry THF (15 ml) was 
cooled to -78' C and then treated with a THF solution of lithium bis(trimethylsilyl)amide (1N, 2.94 ml. 2.94 
mmol). After the addition of DMPU (1.15 g. 9 mmol), the solution was stirred for 15 min at -78 C and then 
treated with allyl bromide (725 mg, 6 mmol). The reaction was stirred for 2 h at -78 C anc I then < farmed to 
-20" C over 2 hr. The reaction was recooled to -78 C and then acetic acid (100 ul) was added. The solution 
was concentrated in vacuo and the residue was partitioned between ethyl acetate (200 ml) and saturated 
aqueous citric acid~(100nTl). The layers were separated and the organic layer was washed with additional 
saturated aqueous citric acid <2x). water (1x). saturated brine (1x). dried (Na 2 SO*) and concentrated m 
vacuo to afford a yellow oil. The oil was dissolved in methylene chloride and passed through a 6 plug of 
SiiicTgel eluting with 12.5% ethyl acetate/hexane. The eluent (200 ml) was concentrated in vacuo to afford 
the title compound as a colorless oil (940 mg, 82%). 
MS(DCI): 336(M + H)* , 353(M + NH*)\ 



30 c: (S)-2-Amino-2-phenylmethyl-4-pentenoic acid. 

A solution of the resultant compound from Example 184b (210 mg, 0.63 mmol) was dissolved in 
dioxane (9 ml) and treated with a solution of LiOH-H 2 0 (105 mg. 2.5 mmol) in 4 ml H 2 0. The green so ution 
was stirred for 1 h at room temperature and then acidified with 10% HCI to pH = 1. After shrnng 2 h at R.T. 
the solution was concentrated in vacuo. The residue was dissolved in 10% HCI (5 ml) and extracted wrth 
diethyl ether (4x). The aqueousloTution" was concentrated in vacuo , redissolved in 5 ml H 2 0 and applied to 
15 g of Dowex H* form ion-exchange resin. The column was eluted with water (100 ml) and then 1.3 N 
ammonium hydroxide. The ninhydrin positive fractions were pooled and concentrated in vacuo. The residue 
was dissolved in 10 ml water and concentrated in vacuo; repeat once more. Finally, the residue was 
dissolved in water and passed through a C-18 Sep Pak cartridge which was then eluted with 20/o 
methanol/water. The eluent was concentrated in vacuo and dried overnight under hi-vac (50 C. 0.3 mmHg) 
to afford a colorless powder (85 mg, 65%). 
MS(DCI): 206(M + H)\ 223(M + NH»)\ 



35 



40 



45 



50 



d: (S)-2-Benzyloxycarbonylamino-2-phenylmethyl-4-pentenoic acid. 

The resultant compound from Example 184c is dissolved in saturated aqueous sodium bicarbonate and 
heated with excess N-(benzyloxycarbonloxy)succinimide until no more amino acid remains. The solution is 
cooled and extracted with ether. The solution is then acidified and extracted with ethyl acetate which is 
dried and concentrated to afford the title compound. 



e: (4S)-3-B nzyloxycarbonyl-4-phenylmethyl-4-(1 .(2-propenyl))-5-oxooxa2olidine. 
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The resultant compound from Example 184d (2.30 g. 6.78 mmol). paraformaldehyde (0.75 g. 25 mmol) 
and toluenesulfonic acid (0.13 g. 0.68 mmol) were dissolved in toluene and refluxed for 2.5 h during which 
time the water produced in the reaction was removed by a Dean-Stark trap. The reaction was cooled and 
diluted with ether. The organic solution was washed with saturated aqueous sodium bicarbonate (2x , 
saturated aqueous sodium chloride <1x). dried (Na 2 SCM and concentrated in vacuo to provide a yellow oil. 
Flash chromatography with ethyl acetate/hexane mixtures afforded the title compound as a colorless oil 



(1.53g,64%). 

MS(DCI): 352(M + H) . 369(M + NH*) . 



10 



15 



20 



(2S)-3-Ben2yloxycarbonyl-4-(1-(3-hydroxypropyl)-4-phenylmethyl-5-oxooxazolidine. 



The resultant compound from Example 184e (1.40 g. 3.98 mmol) was dissolved in dry THF and treated 
dropwise with 9-6 BN (11.95 ml, 5.98 mmol). After stirring overnight the mixture was quenched with one ml 
of water. The reaction flask was immersed in a 25* C water bath followed by the concurrent and dropwise 
addition of 3N NaOH (10 ml. 30 mmol) and 30% H 2 0 2 (10 ml). Stirring was continued for 10 mm after the 
addition was Completed after which the solution was saturated with solid NaCI. The layers were separated 
and the aqueous layer was extracted with ether (3x). The combined organic extracts were washed with 
saturated aqueous NaHCCb solution, dried over Na 2 SO< and concentrated in vacuo. Flash chromatrography 
with ethyl acetate/hexane mixtures provided the title compound as a colorless oil (1.12 g, 76%). 
MS(DCI):387(M + Nmf . 



i:(2S)-3-BenzyIoxycarbonyl-4-(2-(ethylcarboxaldehyde)-4-phenylmethyl-5-oxooxa2olldine. 



The resultant compound from Example 184f (1.11 g. 3 mmol) was dissolved in CH 2 CI 2 (5 ml) and 
added to a vigorously stirred mixture of PCC (1.75 g. 4. mmol) and 4 A molecular sieves (4 g) i in CH 2 CI 2 - 
30 (100 ml). Additional portions of PCC (0.8 g, 2 mmol) were added after 30 min and 45 min. After I h total 
reaction time, the mixture was poured into moist ether (200 ml). The reaction flask was washed with ether 
(4x) and the combined organic solutions were filtered through celite and concentrated in vacuo to afford a 
dark semisolid. The crude product was dissolved in CH 2 CI 2 and filtered through a 4 inch column at flonsil. 
The filtrate (200 ml) was concentrated in vacuo to afford the title compound as a light yellow oil (0.63 g. 

35 57%). 

MS(DCI):385(M + NH4) . 



h: (2S)-Methyl-((3S)-((Benzyloxycarbonyl)lamino-3-phenylmethyl-2-oxo-1-piperidinyl)-3-(4-thiazolyl)propionate. 



40 



50 



55 



Following the procedure described in Example 102. the resultant product from Example 184g (630 mg, 
1 71 mmol) was reductively aminated with the bis hydrochloride salt of L-(4-thiazolyl)alanine (0.44 g, 1.71 
mmol). Following the procedure described in Example 83. the resulting aminoester was treated with 
anhydrous sodium acetate (1.42 g. 17 mmol) and glacial acetic acid (7 drops) in dry MeoH (30 ml). After 
heating for 18 h at 110* C the reaction mixture was treated as in Example 83 to afford a yellow foam. Flash 
chromatography with ethyl acetate/hexane mixtures provided the title compound as a light yellow foam (463 
mg. 53%). 

MS(DCI): 508(M + H)\ 

The compounds of the present invention can be used in the form of salts derived from inorganic or 
organic acids. These salts Include but are not limited to the following: acetate, adipate. alginate, citrate, 
aspartate benzoate, benzenesulfonate. bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyclopentanepropionate, dodecylsulfate. ethanesulfonate. glucoheptonate. glycerophosphate, hemisulfate, 
heptonate, hexanoate. fumarate. hydrochloride, hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate lac- 
tate maleate. methanesulfonate, nicotinate. 2-naphthalenesulfonate. oxalate, pamoate, pectinate, p rsulfate. 
3-phenylpropionate. picrate. pivalate. propionate, succinate, tartrate, thiocyanate, tosylate. and undecanoate^ 
Also the basic nitrogen-containing groups can be quaternized with such agents as loweralkyl halides. such 
as methyl ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl. 
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15 



20 



25 



dibutvl and diamyl sulfates, long chain halides such as deeyl. lauryl. myristyl and stearyl chlorides 
^SLlZSJ. aralky. halides like benzyl and phenethy. bromides, and oth rs. Water or oil-so.ub.e 

" tC-^cSThirh^rC'loyed to form pharmaceutical* acceptabl acid addition saits 
inclu^uch inorganic adds as hydrochloric acid, su.phuric acid and phosphoric acid and such organic 
raTas oxalic3. maleic acid, succinic acid and citric acid. Other sate include metals or 

alkaline earth metals, such as sodium, potassium, calcium or magnesium or with organic bases. 

Z c^utds of the present invention can also be used in the form of prodrugs which «** .est** 
Examp^cf such esters include a hydroxyl-substituted compound of formula I wh,ch has fa™"*" 
Sh a blocked or unblocked amino acid residue, a phosphate function, or a hem,succ.nate residue^ The 
Tmino acW esters of particular interest are glycine and lysine; however, other amino ^ d / es ' du n es h !; n . a J^ 
be used Other esters include the compounds of formula I wherein a carboxyl.c acd group has been 
esterified topr^de esters which include, but are not limited to. methyl, ethyl or benzyl e* These 
esters serve as pro-drugs of the compounds of the present invention and serve to increase the sduNrty ^o 
Sse substances in the gastrointestinal tract. The prodrugs are metabolically converted ^* 
compound of formula I. The preparation of the pro-drug esters .s earned out by ^ 
diluted compound of formula I with an activated amino acyl. phosphoryl or B h ^' SUCC ^Z l2^ 
resulting product is then deprotected to provide the desired pro-drug ester Prodrugs which are esters of 
carboxvlic acid group containing compounds of formula I are prepared by methods known in the art 

Te no^cSr P ou^s of «?e present invention possess an excellent degree of activity and speedy m 
treating hypertension in a host. The novel compounds of the present invention are also use ul for gating 
SnSveheart failure The ability of the compounds of the invention to inhibit human renal ren.n can be 
MMdta So by reacting a selected compound at varied concentrations with human renal renin 
tTC^T^Jc activity 9 and with renin substrate (human angiotensinogen) at 37 degrees C and 
P H of 6.0. At the end of the incubation, the amount of angiotensin I formed is measured by 
say and the molar concentration required to cause 50% inhibition, expressed as tiie IC 50 . .s calculated 
WhTtesteo in accordance with the foregoing procedure, the compounds of the invention demonstrated 
ICso's in the range of 10" 7 to 10" 10 M as seen in Table I. 
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Example 
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63C 
73 
87 
88 
118 
119 
120 
121 
122 
129 
130 
131 
132 
140 
141 
142 
143 
144 
145 
14 6 
147 
151 
152 
156 
141 
142 
143 
144 
145 
146 
147 



4.5 
67 

1.4 
28 
150 
150 
650 
430 
580 
1.3 
0.73 
3 

340 
3.4 
1.5 
5.0 
1.7 
6.6 
1.7 
1.6 
1.0 
0.32 
0.55 
1.4 
1.5 
5.0 
1.7 
6.6 
1.7 
1.6 
3.3 



151 
152 
156 



0.32 
0.55 
1.4 



The ability of the compounds of the invention to decrease blood pressure and plasma renin activity in 
vivo can be determined using the following method. 
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in Vivo Activity 

Male cynomolgous monkeys housed under constant temperature and lighting conditions and weighing 
3-5 kg were instrumented with chronic indwelling arterial and venous catheters. Following pretreatment by 
salt-depletion, the monkeys were dosed by nasogastric tube with 3 mg/kg of the compound of Example 
152. The results with three monkeys are shown in Table II. 

Table II 



Effect of the Compound of Example 1 52 on Blood Pressure (BP 




mmHg) and Plasma Renin Activity (PRA, ng/ml/hr) in Three Salt 


Depleted Monkeys Following Oral Dosing (3 mg/kg) 








Monkey 1 


Monkey 2 


Monkey 3 


M 
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Time 


BP 


PRA 


BP 


PRA 


BP 


PRA 


BP 


PRA 


(min) 
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75 


12.6 


105 


34.2 


77 


18.4 


86 


21.7 
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75 


2.2 


99 


0.1 


32 


0.1 


85 


0.8 


15 


75 


0.44 
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0.0 


69 
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79 
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30 
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69 
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85 


0.0 


65 
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73 


0.0 


90 


74 
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85 


0.0 


70 


0.0 


76 


0.0 
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68 
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80 
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82 


0.0 


77 
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180 


72 
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92 


0.2 


72 


0.1 


79 


0.1 


360 


72 


0.2 


93 


0.7 


84 


0.7 


83 


0.5 



These results indicate that the compound caused a decrease in blood pressure accompanied by 
suppression of PRA when administered orally. 

The compounds of the invention may also be used with one or more antihypertensive agents selected 
from the group consisting ofViuretics, and/or ^-adrenergic blocking agents, central nervous system -acting 
agents, adrenergic neuron blocking agents, vasodilators, angiotensin I converting enzyme inhibitors, and 
other antihypertensive agents. 

Total daily dose administered to a host in single or divided doses may be in amounts, for example, 
from 0.001 to 10 mg/kg body weight daily and more usually 0.01 to 10 mg. Dosage unit compositions may 
contain such amounts of submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and the particular mode of administration. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age. body weight, general 
health, sex. diet, time of administration, route of administration, rate of excretion, drug combination, and the 
severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered orally, parenterally, by inhalation spray, 
rectally or topically in dosage unit formulations containing conventional nontoxic pharmaceutical^ accept- 
able carriers, adjuvants, and vehicles as desired. Topical administration may also involve the use of 
transdermal administration such as transdermal patches or iontophoresis devices. The term parenteral as 
used herein includes subcutaneous injections, Intravenous, intramuscular, intrasternal injection, or infusion 

techniques. . 

Injectable preparations, for example, sterile injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable dispersing or wetting agents and suspending agents. 
The sterile injectable preparation may also be a sterile injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solv nt. for example, as a solution in 1,3-butanediol. Among the 
acceptable vehicles and solvents that may be employed are water, Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventinally employ.ed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic mono- or diglycendes. 
In addition, fatty acids such as oleic acid find use in the preparation of injectables. 

Suppositori s for rectal administration of th drug can be prepared by mixing the drug with a suitable 
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nnnirritatina excipient such as cocoa butter and polyethylene glycols which are solid at ordinary tempera- 

qoiid dosaae forms for oral administration may include capsules, taoiets, puis, powu^. a y 
,n suet ^ solid dosage forms, the active compound may be admixed with at least one Inert « such a 

in9 rssrss? ras'rjrs'K- s 
rslre^^^ 

"■SL *. edminieMion ol efcroWel rtinltammBa, .gents compn«^^ «r 
Sieg Smpeuede ki eoenbinaeon «fe e steroidal anelnSammeBnr compound ,n e pMmnrtciOy 

031 ^compositions of the invention are administered as topicai or systemic pharmaceutical compositions 

ophS admiation. in a pharmaceutical* acceptable vehicle such - P>™"^ acceptab ' e 
sterile aaueous or nonaqueous solutions, suspensions, emulsions, omtments and solid inserts. 

tc^Es oTsuitabrpharmaceutically acceptable vehicles for ophthalmic J» " 

Suitable buffering agents include borate, acetate, gluconate and phospha 

The pharmaceutical ophthalmic compositions of the invent.on may also be in the form of a solid insert 
A so^d wate^uble or water swe.lable polymer such as dextran. hydroxy.owera.ky. dextran, carbo^methy 
Jexfran. hydroxy.owera.ky. cellulose, loweralky. cellulose, carboxymethyl cellulose. 9^*** d **' 
STXrch polyvinyl pyr rolidone and polyalkylene glycols may be used as the earner for the drug 

ZlE the active compound in the compositions for treating glaucoma or reducing and or 
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The novel renin inhibiting compounds of the invention may be the only active ingredient for controlling 
intraocular pressure in the methods and compositions of the invention or may be used in combination with 
other ingredients which control intraocular pressure such as beta-adrenergic antagonist compounds. The 
term "beta-adrenergic antagonist" as used herein means a compound which by binding to betaadrenergic 
plasma membrane receptors reduces or eliminates sympathetic activity or blocks the effects of exoge- 
nously adminstered catecholamines or adrenergic drugs. Examples of beta-adrenergic antagonists are 
atenolol, metopropol. nadolol, propranolol, timolol, labetalol. betaxolol. carteolol and d.levalol and phar- 
maceutical^ acceptable salts thereof. Most preferably the beta-adrenergic antagonist is timolol. 

Timolol is currently used for treating glaucoma or reducing and/or controlling intraocular pressure, but it 
has a number of adverse side effects. Accordingly, administration of a composition comprising a combina- 
tion of a beta-adrenergic antagonist and a novel renin inhibiting compound of the invention could produce a 
reduction in intraocular pressure equivalent to that produced by a beta-adrenergic antagonist but at * 
reduced dose level of the beta-adrenergic antagonist. This will result in a reduced level of the beta- 
adrenergic antagonist related adverse side effects. 

The combination composition is administered as a single dosage form containing both the novel renin 
inhibitor and the beta-adrenergic antagonist. The beta adrenergic antagonist may compnse from 5 mg to 
about 125 mg of the composition of the invention. The preferred ranges of the components in the 
composition of the invention in unit dosage form are: 
Renin inhibitor: 1 ng to 0.1 mg 
Beta-adrenergic antagonist: 5 ug to 125 ug 

When the beta-adrenergic antagonist and the novel renin inhibitor are administered as separate 
compositions the present invention relates to a kit comprising in two separate containers a pharmaceutcally 
acceptable beta-adrenergic antagonist composition and a pharmaceutical^ acceptable novel renin inhibitor 
composition, in a single package. A preferred kit comprises a beta-adrenergic antagonist composition and a 
topical novel renin inhibitor composition. A most preferred kit comprises a topical ophthalmologic^ beta- 
adrenergic antagonist composition and a topical ophthalmologic^ novel renin inhibitor composition. 

The novel renin inhibiting compounds of the invention may also be administered in combination with an 
angiotensin converting enzyme (ACE) inhibiting compound. Examples of angiotensin converting enzyme 
inhibiting compounds are captopril and enalapril. As was previously mentioned, ACE inhibitors have some 
undesirable side effects. Accordingly, administration of an ACE inhibitor in combination with a renin inhibitor 
could produce a reduction in intraocular pressure greater than or equivalent to that of an ACE inhibitor 
alone, but at a reduced dose level of the ACE inhibitor. This will result in a reduced level of the ACE 

inhibitor related adverse side effects. «■ 

The combination composition is administered as a single dose form containing both the novel renin 
inhibitor and the angiotensin converting enzyme inhibitor. The ACE inhibitor may comprise from 5 ng to 
about 50 ug of the compositon of the invention. The preferred ranges of the components in the composition 
of the invention in unit dosage form are: 
Renin inhibitor. 1 ng to 0.1 mg 
ACE inhibitor: 5 ng to 50 ug 

When the ACE inhibitor and the novel renin inhibitor are administered as separate compositions the 
present invention relates to a kit comprising in two separate containers a pharmaceutically acceptable ACE 
inhibitor composition and a pharmaceutically acceptable novel renin inhibitor composition, in a single 
package. A preferred kit comprises an ACE inhibitor composition and a topical novel renin inhibitor 
composition. A most preferred kit comprises a topical ophthalmologic^ ACE inhibitor composition and a 
topical novel renin inhibitor composition. 

Dosage levels of the active compounds in the compositions of the invention may be vaned so as to 
obtain a desired therapeutic response depending on the route of administration, severity of the disease and 

the response of the patient 

Topical ophthalmic and systemic administration of steroidal antiinflammatory agents can cause an 
increase in intraocular pressure. The increase in intraocular pressure can be reduced by the administration 
of a novel renin inhibiting compound of the invention. Steroidal antiinflammatory agents include hydrocor- 
tisone cortisone, prednisone, prednisolone, dexamethasone. methylprednisolone. triamcinolone, be- 
tamethasone, alclometasone. flunisolide. beclomethasone. clorocortolone. diflorasone, halcinon.de. 
fluocinonide. fluocinolone. desoximetasone, medrysone. paramethason . and fluorometholon , and their 
pharmaceutically acceptable salts and esters. Preferred steroidal antiinflammatory agents are hydrocor- 
tisone, prednisolone, dexamethasone. medrysone and fluorom tholone and their pharmac utica l y accept- 
able salts and esters. The novel renin inhibitor is administered after use of a steroidal antiinflammatory 
agent or at the same time, causing r duction and/or control of intraocular pressure. 
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Various combinations of a topical or oral or injectible dosage form of a steroidal antiinflammatory agent 
and a topical or oral dosag form of the novel renin inhibitor may be used A preferred combination 
comprises a topical st roidal antiinflammatory and a topical novel renin inhibitor. Mor preferred is a top.cai 
ophthalmic dosage form comprising both a steroidal antiinflammatory and a novel renin inhibitor. 

When the steroidal antiinflammatory agent and the novel renin inhibitor are administered as separate 
compositions the present invention relates to a kit comprising in two separate containers a pharmaceutical^ 
acceptable steroidal antiinflammatory agent composition and a pharmaceutically acceptable novel renin 
inhibitor composition, in a single package. A preferred kit comprises a steroidal antiinflammatory compos.- 
tion and a topical novel renin inhibitor composition. A most preferred kit compnses a topical oph- 
thamological steroidal antiinflammatory composition and a topical ophthamological novel renin inhibrtor 

^fhe combination composition of the invention may contain from about 0.00001 to 1.0 <w/v) Percent of 
the novel renin inhibitor for combined or separate topical administration. More V* 9r ^ ™ oun [°l** 
novel renin inhibitor is about 0.00001 to 0.1 (w/v) percent of the composition. The amount of the novel ^renin 
inhibitor in a unit dosage form for topical administration to the eye is from about 5 ng to about 0.5 mg 
preferably from about 5 ng to about 25 ng. The dose required will depend on the potency of the particular 
novel renin inhibitor, the severity of the intraocular pressure increase and the response of the individual 

^'The combination composition of the invention may contain from about 0.05 to 1.5 (w/v) percent of the 
steroidal antiinflammatory for combined. or separate topical administration The am^nt of he ^steroidal 
antiinflammatory in a unit dosage form for topical administration to the eye is from about 20 ug to about 600 
ug. The dose required will depend on the potency of the particular steroidal antiinflammatory, the severity of 
the disease and the response of the individual patient. inMntinn 

When the steroidal antiinflammatory agent of the combination therapeutic method of the invent.on is 
administered other than ophthalmically. appropriate doses are well known in the art. 

The compositions of the Invention may include other therapeutic agents in addition to the novel renin 
inhibitor, and other agents which reduce and/or control intraocular pressure. 

The effect on intraocular pressure of the novel compounds of the invention can be determined in rabbits 
by using the following method. 

Effects of Topically Administered Renin Inhibiting Compounds on Intraocular Pressure of Rabbits 

a. Method The antiglaucoma activity of the compounds was tested by me ^ u ; in 9j h , 9 Q ^f C * °" 
intraocJiiTpTissure in rabbits as described by T.njum. A.M., Acta Ophthalmologics 50. 677 (1972). Male 
albino. New Zealand rabbits were placed in restraining devices and the intraocular pressure was measured 
with an applamatic tonometer. Exactly 0.1 ml of an isotonic saline solution containing a test Wound was 
instilled into the conjuctival sac and the intraocular pressure was measured at 5, 15. 30. 60. 90, 120 ana 
180 minutes afterwards. ... _ 

The present invention is also directed to the use of compounds of the formula I in combination with one 
or more antihypertensive agents independently selected from diuretics adrenergic J*£2 ,3ES 
vasodilators, calcium channel blockers, angiotensin converting enzyme (ACE) inhibitors, potassium channel 
activators and other antihypertensive agents. „ m ii— 

Representative diuretics include hydrochlorothiazide, chlorothiazide, acetazolamide, am.lorlde. 
bumetanide, benzthiazide. ethacrynic acid, furosemide, indacrinone, metolazone. sp.ronolactone. tnam- 
terene, chlorthalidone and the like or a pharmaceutically acceptable salt thereof. 

Representative adrenergic blocking agents include phentolamine. phenoxybenzamine prazosin, 
terazosin, tolazine. atenolol, metoprolol. nadolol, propranolol, timolol, carteolol and the like or a pharmaceuti- 
callv acceptable salt thereof. . . , L . ... „ 

Representative vasodilators include hydralazine, minoxidil, diazoxlde. n.tropruss.de and the like or a 

pharmaceutically acceptable salt thereof. t ^ MUno fi„ na ,i,i n ,» 

Representative calcium channel blockers include amrinone. bencyclane. d.ltiazem. fendil.ne, flunanzine. 
nicardipine, nimodipine. perhexilene. verapamil, gallopamil. nifedipine and the like or a pharmaceutically 

^SesertativeACE inhibitors include captopril. enalapril. lisinopril and the like or a pharmaceutically 

aC °^Sresen^ channel activators include pinacidll and the like or a pharmaceutically 
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acceptable salt thereof. 

Other representative antihypertensive agents include sympatholytic agents such as methyiaopa. 
clonidine, guanabenz. reserpine and the like or a pharmaceutical^ acceptable salt thereof. 

Synergistic combinations of a compound of formula I with one or more of the above-mentioned 
5 antihypertensive agents are useful for the treatment of hypertension or congestive heart failure. 

The compound of formula I and the antihypertensive agent can be administered at the recommended 
maximum clinical dosage or at lower doses. Dosage levels of the active compounds in the compositions of 
the invention may be varied so as to obtain a desired therapeutic response depending on the route of 
administration, severity of the disease and the response of the patient. The combination can be admin- 
70 istered as separate compositions or as a single dosage form containing both agents. 

In addition, the present invention is directed to the use of a compound of formula I to inhibit retroviral 
proteases and in particular to inhibit HIV-l protease and HIV-2 protease. Compounds of formula I are useful 
for treatment or prophylaxis of diseases caused by retroviruses, especially acquired immune deficiency 
syndrome or an HIV infection. 

The antiviral activity of compounds of the invention can be demonstrated using the following method. 
A mixture of 0.1 ml (4 X 10 s cells/ml) of H9 cells and 0.1 ml (100 infectious units) of HIV-1 3B was 
incubated on a shaker for 2 h. The resulting culture was washed three times, resuspended into 2 ml of 
medium, and treated with 10 ul of the compound of the invention (5 mM in dimethylsulfoxide). The control 
culture was treated in an identical manner except the last step was omitted. After incubation of the culture 
for eight days without change of medium, an aliquot (0.1 ml) of the supernatent was withdrawn and 
incubated with fresh H9 cells on a shaker for 2 h. The resulting culture was washed three times, 
resuspended into 2 ml of medium, and incubated. Virus infectivity was determined using the Abbott HTLV- 
III antigen E.I.A. method (Paul, et al M J. Med. Virol., 22 357 (1987)). 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
disclosed compounds. Variations and changes which are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are defined in the appended claims. 
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Claims 

30 

1 . A compound of the formula: 



35 



40 




wherein X is 

(I) N, 

(II) O or 
45 (III) CH; 

Ri is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 
50 (IV) aryl, 

(V) heterocyclic, or 

(VI) R 6 Q- wherein 
1) Re is 

i) low ralkyl, 
55 ii) amino, 
iii) alkylamino, 
Iv) dialkylamino, 
v) (alkoxyalkyJ)(alkyl)amino, 
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vi) (a!koxyalkoxyalkyl)(alky!)amino, 

vii) aryl, 

(xiii) arylalkyl, 
ix) aminoalkyi, 
5 x) (N-protected)aminoalkyl, 

xTsuSuted loweraikyl wherein the subset is seiected from alkoxy, thioalkoxy, ha.ogen. a.ky.amino, 
(N-protected)(alkyl)amino and dialkylamino, 



TO 



75 



20 



25 




wherein m is 1 to 5 and * is hydrogen, hydroxy, alkoxy. thioalkoxy, alkoxyalkoxy. polyalkoxy. amino, (N- 
protected)amino, alkylamino. (N-protected)(alkyl)amino or dialkylammo: or 



xiv) 

R 



\ / 



wherein R 8 is O. S. SO,. 0 = C or R 9 N wherein Rs is hydrogen, loweraikyl or an N-protecting group; and 



30 



35 



2)Qis 

i) C = 0 or 

ii) CH 2 , 

with the proviso that X is N when Ri is an N-protectmg group; 

(VII) R 5 *S(0) 2 -wherein Rs,4 is 

1) amino, 

2) alkylamino. 

3) dialkylamino, 

4) loweraikyl, 

5) haloaikyl. 

6) aryl, 

7) p-biphenyl, 

40 8) heterocyclic or 

(VIII) (RsstePfO)- wherein R55 is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino; 

A and L are independently selected from 

(I) absent, 

(II) C = 0. 

(III) SO* and 

(IV) CH 2 ; 
Dis 

(I) C-O, 

(II) SO2 or 

(III) CH 2 ; 
Yis 

55 (I) Nor 
(II) CH; 
R 2 is 

(I) hydrogen, 



45 



50 
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(II) loweraikyl, 

(III) cycloalkylalkyl, 

(IV) -CH 2 -Rio-(CH z ) q -Rii wherein 
1)q is 0, 1 or 2, 

5 2) Rio is absent or Rio is 0, NH or S only when q Is 1 or 2. and 
3) Ri 1 is 

i) aryl or 

ii) heterocyclic; 
Zis 

70 (I) hydrogen or 

(II) -R 28 C(0)R 29 , -R 2 sS(0) 2 R 29 or -R 28 -C(S)R 29 wherein 
I) R 28 is 

1) NH, 

Ii) -N(R200> wherein R200 is loweraikyl or benzyl or 
is iii) CH 2 and 

2) R 2 9 is 

i) alkoxy, 

ii) benzyloxy, 

iii) alkylamino, 
20 iv) dialkylamino, 

v) aryl or 

vi) heterocyclic; 
Ra is 

(I) hydrogen, 
25 (II) loweraikyl, 

(III) loweralkenyl, 

(IV) cycloalkylalkyl, 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

30 (VII) thioalkoxyalkyl, 
(Villi) (alkoxyalkoxy)alkyl, 

(IX) (polyalkoxy)alkyl. 

(X) arylalkyl or 

(XI) (heterocyclic)alkyl; 
35 nis0or1;and 

T is a mimic of the Leu-Val cleavage site of angiotensinogen; 
or a pharmaceutically acceptable salt, ester or prodrug thereof; 
with the proviso that T is not 



40 

.NHCH(R 4 )CH(OH)CH 2 CH(R 26 )C(0)NHCH(R 27 )C(0)NHCH 2 




wherein R 2S is loweraikyl and R 27 is loweraikyl, when X-Ri is CH 2 ; and n is 0; and A is absent or CH 2 ; and 
D is C = 0; and L is CH 2 ; and Y is N; and R 2 is loweraikyl, cycloalkylmethyl, -CH 2 (CH 2 ) q Ru wherein q is 0. 
1 or 2 and R, 1 is aryl or heterocyclic; Z is hydrogen or -NHC(0)R 29 wherein R 29 is alkoxy. benzyloxy or an 
unsubstituted or substituted heterocyclic; and R 3 is loweraikyl, -CH 2 SCH 3 . benzyl, (unsubstituted 
heterocyclic)methyl or (substituted heterocyclic)methyl; and R* is loweraikyl, cycloalkylmethyl or benzyl. 

2. The compound of Claim 1 wherein X is N; R, is an N-protecting group or R s *S(0> 2 - wherein R 5 * is 
unsubstituted heterocyclic or substituted heterocyclic; or Ri-X taken together is CH 2 ; A is CH 2 ; D is C = 0; 
L is CH 2 ; Y is N; R 2 is benzyl; R3 is loweraikyl or (heterocyclic)alkyl; Z is -NHS(0) 2 R 29 wherein R 29 is 
phenyl, substituted ph nyl, unsubstituted heterocyclic or substituted h terocycllc; and n is 0. 
« 3. A compound of the formula: 
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70 wherein X is 
(0 N, 

(II) O or 

(III) CH; 
R* is 

15 (I) absent. 

(II) hydrogen, 

(III) an N-protectlng group, 

(IV) aryl, 

(V) heterocyclic, or 
20 (VI) Rs-Q- wherein 

1) R 6 is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 
25 iv) dialkylaminor 

v) (alkoxyaIkyl)(alkyl)amino, 

vi) (alkoxyalkoxyalkyl)(alkyl)amino, 

vii) aryl, 

xiii) arylalkyl, 
30 ix) aminoalkyl, 

x) (N-protected)aminoalkyl, 

x!!)1ubied loweralkyl wherein the substituent is selected from alkoxy, thioalkoxy, halogen, alkylamino. 
(N-protected)(alkyi)amino and dialkylamino. 

35 



40 



45 



50 




wherein m is 1 to 5 and R 7 is hydrogen, hydroxy, alkoxy. thioalkoxy. alkoxyalkoxy. polyalkoxy. amino. (N- 
protected)amino. alkylamino. (N-protected)(alkyl)amino or dialkylamino; or 



xiv) 



wherein R 8 is 0, 8. S0 2 . 0 = C or R 9 N wherein R 9 is hydrogen, loweralkyl or an N-protecting group; and 

2) Q is 
55 j)C = Oor 
ii)CH 2 , 

with the proviso that X is N when Ri is an N-protectng group; 
(VII) R 5 *S(0) 2 - wher in R 5 * is 
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1) amino, 

2) alkylamino. 

3) dialkylamino, 

4) loweralkyl, 
s 5) haloalkyl. 

6) aryl, 

7) p-biphenyl, 

8) heterocyclic or 

(VIII) (RsstePfO)- wherein R55 is 
10 1)aIkoxy, 

2) alkylamino or 

3) dialkylamino; 

A and L are independently selected from 
(I) absent. 
75 (II) 0 = 0, 

(III) S0 2 and 

(IV) CH 2 ; 
D is 

(l)C = 0. 
20 (II) SO2 or 
(HI) CH 2 ; 
Yis 

(I) N or 

(II) CH; 
25 R 2 is 

(I) hydrogen, 

(II) loweralkyl. 

(III) cycloalkylalkyl, 

(IV) -CH 2 -Rio-(CH 2 ) q -Rii wherein 
30 1)qisO, 1 or 2, 

2) R10 is absent or Rio is 0, NH or S only when q is 1 or 2, and 

3) Ri 1 is 

i) aryl or 

ii) heterocyclic; 
35 Z is 

(I) hydrogen or 

(II) -R 28 C(0)R 2 9, -R 28 S{0) 2 R 2 9 or -R 28 -C(S)R 29 wherein 
1) R 2 s is 

1) NH, 

40 ii) -N(R 2 oo)- wherein R 2 oo is loweralkyl or benzyl or 
it) CH 2 and 

2) R 29 is 

i) alkoxy, 

ii) benzyloxy, 
45 iii) alkylamino, 

iv) dialkylamino, 

v) aryl or 

vi) heterocyclic; 
R3 is 

so (I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl, 

(IV) cycloalkylalkyl. 

(V) cycloalkenylalkyl, 
55 (VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 
(Villi) (alkoxyalkoxy)aikyl, . 
(IX) (polyalkoxy)alkyi, 
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(X) arylalkyl or 

(XI) (heterocyclic)alkyl; 
n is 0 or 1 ; 

R* is 
5 (I) loweralkyl, 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 
Rs is 



10 





wherein 

1) M is 
*o i)0. 

ii) S or 

iii) NH; ' 

2) Qis 
i)Oor 

35 ii) S; 

3) Eis 

i) 0. 

ii) S. 

iii) CHRsi wherein Rgi is loweralkyl, 
40 j v )C = CH 2 or 

v) NRib wherein Ria is 

a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 
45 d) hydroxy, 

e) alkoxy, 

f) amino or 

g) alkylamino; 
and 

so 4) G is 

i) absent, 

ii) CH 2 or 

iii) NR19 wherein R19 is hydrogen or loweralkyl, 

with the proviso that when G is NR,g, then R,a is loweralkyl or hydroxyalkyl; 

55 



139 



EP 0 365 992 A1 



(III) 



wherein 

1) v is 0 or 1 and 

2) R21 is 
70 i) NH, 

ii) 0. 

iii) S or 

iv) S0 2 ;or 

(IV) a substituted methylene group; 
15 or a pharmaceutical^ acceptable salt, ester or prodrug thereof; 
with the proviso that R5 is not 



.CH 2 CH(R 26 )C(0)NHCH(R 27 )C(0)NHCH 2 




wherein R 2S is loweralkyl and R27 is loweralkyl, when X-Ri is CH 2 ; and n is 0; and A is absent or CH 2 ; and 
D is C = 0; and L is CH 2 ; and Y is N; and R 2 is loweralkyl, cycloalkylmethyl. -CH 2 (CH 2 ) q Rn wherein q is 0, 
1 or 2 and Rn is aryl or heterocyclic; Z is hydrogen or -NHC(0)R 29 wherein R 29 is alkoxy, benzyloxy or an 
unsubstituted or substituted heterocyclic; and R3 is loweralkyl, -CH 2 SCH 3l benzyl, (unsubstituted 
heterocyclic)methyl or (substituted heterocyclic)methyl. 
4. A compound of the formula: 



35 




40 wherein Ri is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group. 

(IV) aryl, 

45 (V) heterocyclic, or 
(VI) R6-Q- wherein 
1)FU is 

i) loweralkyl, 

ii) amino, 

so iii) alkylamino, 

iv) dialkylamino, 

v) (alkoxyalkyl)(alkyl)amino, 

vi) (alkoxyalkoxyalkyl)(alkyl)amino, 

vii) aryl, 

55 xiii) arylalkyl, 

ix) aminoalkyl, 

x) (N-protected)aminoalkyl, 

xi) alkoxy, 
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xii) substituted loweralkyl wher in th substituent is selected from alkoxy, thioalkoxy, halogen, alkylamino, 
(N-protected)(alkyl)amino and dialkylamino, 

xiii) 

(CHf) m 

10 wherein m is 1 to 5 and R? is hydrogen, hydroxy, alkoxy, thioalkoxy, alkoxyalkoxy, polyalkoxy, amino, (N- 
protected)amino, alkylamino, (N-protected)(alkyl)amino or dialkylamino; or 

xiv) 

/ \ 



wherein R 8 is O, S, S0 2 , 0 = C or R 9 N wherein R 9 is hydrogen, loweralkyl or an N-protecting group; 
2)Qis 

i) C = Oor 

ii) CH 2( 

25 with the proviso that X is N when Ri is an N-protecting group; 
(VII) R s *S(0) 2 -wherein R 5 4 is 

1) amino, 

2) alkylamino, 

3) dialkylamino, 
30 4) loweralkyl, 

5) haloalkyl, 

6) aryl. , 

7) p-biphenyl, 

8) heterocyclic or 

35 (VIII) (Rss)2P(0)- wherein Rss is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino; 

D and L are independently selected from 
40 WC = 0, 

(II) S0 2 and 

(III) CH 2 ; 
R 2 is 

(I) hydrogen, 
45 (II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CH 2 -Rio-(CH 2 ) q -Ru wherein 

1) q is 0, 1 or 2, 

2) Rio is absent or Rio is 0, NH or S only when q is 1 or 2, and 
50 3)Ruis 

i) aryl or 

ii) heterocyclic; 
Zis 

(I) hydrogen or 

55 (II) -R28C(0)R 29 , -R 28 S(0) 2 R 29 or -R 28 -C(S)R 2 9 wherein 
1)R 28 is 

i) NH, 

ii) -N(R 2 oo)- wherein R200 is 
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loweralkyl or benzyl or 

ii) CH2 and 
2) R29 is 

i) alkoxy, 
5 ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylamino, 

v) aryl or 

vi) heterocyclic; 
70 R3 is 

(!) hydrogen, 
(Ii) loweralkyl, 
(HI) ioweralkenyl, 
(IV) cycloalkylalkyl, 
15 (V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 
(Villi) (alkoxyalkoxy)alkyl, 
(IX) (po!yatkoxy)a!kyl, 

20 (X) arylalkyl or 

(XI) (heterocyclic)alkyl; 
R* is 

(I) loweralkyl, 

(II) cycloalkylalkyl or 
25 (III) arylalkyl; and 

R 5 is 



30 



(I) 




35 wherein R73 is loweralkyl, 

(ID 



Y 



40 M N 



45 wherein 
1)Mis 

i) 0, 

ii) S or 

iii) NH; 
50 2) Q is 

i) 0 or 
H) S; 
3)Eis 
i) 0. 
55 ii) S. 

iii) CHRsi wherein Rei is loweralkyl, 

iv) C = CH2 or 

v) NR18 wherein Ris is 
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a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy, 
5 e) alkoxy, 

f) amino or 

g) alkylamino; 
and 

4) G is 
w i) absent, 

ill) NRi s wherein R, 9 is hydrogen or loweralkyl, with the proviso that when G is NRis, then Ris is loweralkyl 
or hydroxyalkyl; 



15 



20 



25 



35 



40 



45 



50 



55 



•(CH 2 ) v -C(0)— N^^R 2 1 



wherein 

1) v is 0 or 1 and 

2) R21 is 
i) NH, 
»i) O, 

iii) S or 

iv) SO2; or 

(IV) a substituted methylene group; 

or a pharmaceutical^ acceptable salt, ester or prodrug thereof. 
30 5. A compound of the formula: 

?2 

— D 

R 4 



c n h ; /y^V" 

A— " L d. H OH 



wherein A is 

(I) absent, 

(II) C = 0, 
(II!) S0 2 or 
(IV) CH 2 ; 

D and L are independently selected from 

(I) C = 0. 

(II) S0 2 and 

(III) CH 2 ; 
R 2 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CH2-Rio-(CH 2 )q-Ru wher In 

1) q isO, 1 or 2, 

2) R10 is absent or R10 is 0, NH or S only when q is 1 or 2 f and 

3) Ri 1 is 
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i) aryl or 

ii) heterocyclic; 
Zis 

(I) hydrogen or 

s (II) -R 28 C(0)R 2 g, -R 28 S(0) 2 R 29 or -R 28 -C(S)R 29 wherein 
1) R 28 is 

i) NH. 

ii) -N(R 20 o)- wherein R 20 o is loweralkyl or benzyl or 
ii) CH 2 and 

70 2) R 29 is 

i) alkoxy, 

ii) benzyloxy, 

iii) alkytamino, 

iv) dialkylamino, 
15 v) aryl or 

vi) heterocyclic; 
R 3 is 

(I) hydrogen, 

(II) loweralkyl, 

20 (II!) loweralkenyl, 

(IV) cycloalkylalkyl, 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 

25 (Villi) (alkoxyalkoxy)alkyl, 

(IX) (polyalkoxy)alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic)alkyl; 
R* is 

30 (1) loweralkyl, 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 
Rs is 




wherein 

1) M is 

55 i) 0, 

ii) S or 

iii) NH; 

2) Q is 
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i) 0 or 

ii) S; 

3) E is 
i) 0. 

5 ii) S, 

Hi) CHRei wherein R S i is 
loweralkyl, 

iv) C = CH2 or 

v) NRis wherein Rig is 
w a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy, 

e) alkoxy, 
is f) amino or 

g) alkylamino; 
and 

4) Q is 

i) absent 
20 ii) CH2 or 

iii) NR19 wherein R19 is hydrogen or loweralkyl, with the proviso that when G is NR19, then Ria is loweralkyl 
or hydroxyalkyl; 



25 



(III) i , 

/ \ 
-(CH 2 )vC(0)— N^^R 2 1 



30 wherein 

1) v is 0 or 1 and 

2) R21 is f 

i) NH. 

ii) O. 
35 iii) S or 

iv) S0 2 ; or 

(IV) a substituted methylene group; 

or a pharmaceutical^ acceptable salt, ester or prodrug thereof. 
6. A compound selected from the group consisting of. 
40 3-(3-Thiazo!yl)-2-(3R-benzyl^N-{N-me acid Amide of 

Butyl 5(S)-amino-6-cyclohexyl-4(S)-hydroxy-2(R)-isopropylhexan-amide; 
3^3N-tert-butyloxycarbonyl-2-imidazo^ 

yl)-propionic acid Amide of {2 S,l'R,5S)-3-Ethyl-5-(l'-hydroxy-2 -amino-3'-cyclohexylpropyl)oxazolidin-2- 
one; 

45 3-(2-imidazolyl)-2-(3R-benzyl-4-N^ acid Amide of 

(2'S,1 R,5S)-3-Ethyi-5-(1 '-hydroxy-2'-amino-3 -cyclohexylpropyl)oxazolidin-2-one; 
3-(3-N-tert-butyloxycarbonyl-2-imidazolyl)-2-(3R-benzyl-4N-(N-methylpiperazyl)-sulfon 
yl)propionic acid Amide of 2(S)-Amino-1-cyclohexyi-3(R),4(S)-dihydroxy-6-methylheptane; 
3-(2-imidazolyl)-2-(3R-benzyl-4N-(N-methylpiperazyl)-sulfonyl-2-keto-piperazin-1 -y l)-propionic acid Amide of 

50 2(S)-Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane; 
3-(3-N-tert-butyloxycarbonyl-2^midazolyl^^ 

yl)-propionic acid Amide of (2S.4S.1 'r,2 S)-2-(2 -amino-3'-cyclohexyi-1 '-hydroxypropyI)-4-methyl- 
tetrahydrofuran; 3-(2-imidazolyl)-2-(3R-benzyl-4N-(N-methy^ 

pionic acid Amide of (2S.4S,l'R,2 , S)-2-(2'-amino-3'-cyclohexyhl'-hydroxypropyl)-4-methyltetrahydrofuran; 

55 (2S)-((3SH(N-methylpiperazinsulfony^^ 

acid amide of 2(S)-Amino-1-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane; 

(2S)-Methy l-((3S)-((N-methy Ipiperazinsulfonyl) amino-3-ph nyjmethy l-2-oxo-1 -pip ridinyl)-3-(4-thiazolyl)- 
propionic acid amide of (2S,4S,1 / R,2S)-2-(2'-amino-3 / -cyclohexyl-1 '-hydroxypropyI)-4- 
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methyltetrahydrofuran; and 
(2S)-2-((1 -tert-butyloxy carbon^ 

pheny Imethy l-2-oxo- 1-piperidiny I) amide of 2(S)- Amino- 1-cyclohexyl-3(R),4(S)-dihydroxy-6-methylheptane; 
or a pharmaceutical^ acc ptable salt, ester or prodrug thereof. 
5 7. The compound (2S)-((3S)-((N-methylpiperazinsulfonyl)-amino-3-phenylmethyl-2-oxo-1-piperidinyl)-3- 
(4-thiazolyl)-propionic acid amide of (2S,3R.4S)-2-amino-1-cyclohexyl-3,4-dihydroxy-6-methyIheptane; or a 
pharmaceutically acceptable salt, ester or prodrug thereof. 

8. The compound (2S)-((3S)-((N-methylpiperazmsulfony l)amino-3-pheny lmethyl-2-oxo-1 -piperidinyl)-3-(4~ 
thiazolyl)propionic acid amide of (2S,4S,l'R.2'S)-2-(2 -amino-3'-cyclohexyl-r-hydroxypropyl)-4-methyI- 

w tetrahydrofuran; or a pharmaceutically acceptable salt, ester or prodrug thereof. 

9. A pharmaceutical composition for inhibiting renin, comprising a pharmaceutical carrier and a 
therapeutically effective amount of a compound of claim 1. 

10. A method for inhibiting renin comprising administering to a host in need of such treatment a 
therapeutically effective amount of a compound of claim 1. 

is 11. A pharmaceutical composition for treating hypertension or congestive heart failure, comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of claim 1 . 

12. A method for treating hypertension or congestive heart failure comprising administering to a host in 
need of such treatment a therapeutically effective amount of a compound of claim 1 . 

13. A compound of the formula: 



25 




30 wherein X is 
(D N, 

(II) 0 or 

(III) CH; 
Ri is 

35 (I) absent. 
(II) hydrogen, 

(II!) an N-protecting group, 

(IV) aryl, 

(V) heterocyclic, or 
40 (VI) Rs-Q- wherein 

1) R 6 is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 
45 iv) dialkylamino, 

v) (alkoxyaikyl)(alkyl)amino, 

vi) (alkoxyalkoxyalkyl)(alkyl)amino, 

vii) aryl, 

xiii) arylalkyl, 
50 ix) aminoalkyl, 

x) (N-protected)aminoalkyl, 

xi) alkoxy, 

xii) substituted loweralkyl wherein the substituent is selected from alkoxy, thioaikoxy. halogen, alkylamino, 
(N-protected)(alkyl)amino and dialkylamino, 
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(CH 2 -) m 



wherein m is 1 to 5 and R 7 is hydrogen, hydroxy, alkoxy, thioalkoxy, alkoxyalkoxy. polyalkoxy, amino, (N- 
protected)amino, alkylamino, (N-protected)(alkyl)amino or dialkylamino; or 



io . . 

xiv) 



75 



wherein R 8 is 0, S, S0 2l 0 = C or R 9 N wherein R g is hydrogen, loweralkyl or an N-protecting group; and 

2) Q is 

20 i)C = Oor 
ii) CH 2 , 

with the proviso that X is N when Ri is an N-protecting group; 

(VII) R 5 *S(0)2- wherein R 5 4 is 
1) amino, 

25 2) alkylamino, 

3) dialkylamino, 

4) loweralkyl, 

5) haloalkyl, 

6) aryl, 

30 7) p-biphenyl. 
8) heterocyclic or 

(VIII) (R 5 s)2P{0)- wherein f R 5 s is 

1) alkoxy, 

2) alkylamino or 
35 3) dialkylamino; 

A and L are independently selected from 

(I) absent, 

(II) C = 0, 

(III) S0 2 and 
40 OV)CH 2 ; 

D is 

(I) C = 0, (II) S0 2 or 

(III) CH 2 ; 
Yis 

45 (ON or 

(II) CH; 
R 2 is 

(I) hydrogen, 

(II) loweralkyl, 

50 (III) cycloalkylalkyl. 

(IV) -CH 2 -Rvo-(CH 2 ) q -Ri 1 wherein 

1) q is 0, 1 or 2, 

2) Rio is absent or R1 0 is 0, NH or S only when q is 1 or 2, and 

3) R1 1 is 
55 i). aryl or 

il) heterocyclic; 
Zis 

(!) hydrogen or (II) •R 28 C(0)R 2 9, -R 2 aS(0) 2 R 29 or -R 28 -C(S)R 29 wherein 



147 



EP 0 365 992 A1 



1) R 2 a is 

i) NH, 

ii) -N(R200> wherein R200 is loweralkyl or benzyl or 
ill) CH2 and 

5 2) R29 is 

i) alkoxy, 

ii) benzyloxy, 
Hi) alkylamino, 
iv) dialkylamino, 

10 v) aryl or 

vi) heterocyclic; 
R3 is 

(I) hydrogen, 

(II) loweralkyl, 

75 (III) loweralkenyl, 

(IV) cycloalkylalkyl, 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 

20 (Villi) (alkoxyalkoxy)alkyl, 

(IX) (polyalkoxy)alkyl f 

(X) arylalkyl or 

(XI) (heterocyclic)alkyl; and 
n is 0 or 1 ; 

25 or an acid halide or activated ester derivative thereof. 

14. A method for treating glaucoma or reducing and/or controlling intraocular presure, comprising 
administering to a patient in need a therapeutically effective amount of a compound of Claim 1. 

15. A method for inhibiting a retroviral protease, comprising administering to a patient in need a 
therapeutically effective amount of a compound of Claim 1 . 

30 16. A method for treating a retroviral infection, comprising administering to a patient in need a 
therapeutically effective amount of a compound of Claim 1 . 

17. A method for treating hypertension or congestive heart failure comprising administering to a host in 
need of such treatment a therapeutically effective amount of a compound of Claim 1 and another 
antihypertensive agent 

35 18. A pharmaceutical composition for treating hypertension or congestive heart failure, comprising a 
pharmaceutical carrier and a therapeutically effective amount of a compound of claim 1 and another 
antihypertensive agent. 

19. A process for the preparation of the compound of Claim 1 comprising coupling a carboxylic acid of 
the formula 



or an acid halide or an activated ester derivative thereof, wherein n, A, I, Y, D, Z, X, Ri, R2 and R3 are as 
defined herein with an amine represented by H-T wherein T is as defined herein. 
20. The process of Claim 18 wherein H-T is 



40 



45 




55 
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H — N - 

H OH 



wherein R* and Rs are as defined herein. 
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